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Why do refrigerators 
turn a cold shoulder upon colour ? As colour ; 
makers with a world-wide reputation and considerable experience 

Ma 

of colour treatments for vitreous enamels, we cannot but wonder if a false sense of Pi 
logic is behind it all. There is no virtue in the exterior of a refrigerator emulating 

its inside. After all, a cheerful colourful refrigerator is no less efficient, or hygienic, 3 
and it is just as easy to keep clean. If refrigerators were allowed to perform their cold pi 
duties cheerfully, we are convinced that buyers would welcome them all the more warmly. 1 
T 
Blythe WORKS LIMITED | 


CRESSWELL * STOKE-ON-TRENT = 


, « « the home of the world’s best colours ” 
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PYROBOR 


In the preparation of vitreous enamel Anhydrous Borax 


frits or glazes PYROBOR effects 





material savings because there 

is no waste of heat or time in driving 
off water of crystallisation before fusion. 
stisin: tne sinha en: itil Refined Pentahydrate Borax 
water of crystallisation we can 
supply V-BOR (refined pentahydrate 
borax, Na,B,O,.5H,O) or BORAX 
(decahydrate, Na,B,O,.10H,O). 





For frits of special composition in 





which a low limit of sodium is necessary, 
we supply BORIC ACID (H,BO,). 





A powdered Lithium ore containing 


over 3.5°/, Li,O in combination with And BI KIT A 
Alumina, Silica, Soda and Fluorine. 
LE PIDOLITE 


Useful as a cheap source of Lithium 
for ground coat frits. 





All available for prompt delivery from stocks 


We we Best Ser vice all the time 


BORAX & CHEMICALS LIMITED 


KINGS BOURNE HOUSE, 229 HIGH HOLBORN, LONDON, W.C.I 
Phone: HOLborn 6518 (pbx) Telegrams : Boraxchem Phone London, Cables: Boraxchem London 


Refinery & Branch Office: Canal Street Chemical Works, Bootle, Liverpool 20. ; 
Midlands Office: 15 Summer Row, Birmingham 3. Scottish Agent: McCall & Millar, 97 Maryhill Road, Glasgow, ue 











february, 1955 metal finishing journal 








THE BONE AND THE SHADOW 


HE electroplating industry at the present time is enjoying a period of full employ- 

ment which has probably never been equalled in its history. This is true to such an 
extent that it is extremely difficult today to find capacity for the placing of new work. 
The posttion is probably to some extent exaggerated by the current threat of still greater 
privation in supplies of nickel, but the fact remains that the order books of nearly every 
out-plater are comfortably full and look like remaining that way for the foreseeable 
future. 

Unfortunately however, in the field of human endeavour the future is not foreseeable 
for very far and a warning of the fate which overtook the foolish virgins should serve as 
an ever present reminder of the virtues of preparedness. 

While there is no reason to suggest that every boom must automatically be followed by 
a slump, it is nevertheless true that there can be no peaks without valleys. Many tech- 
nologies are today in the melting pot, none more so perhaps than those serving and 
associated with the metallurgical industries. New processes, new materials, new fashions, 
and new markets are in growing evidence and it would be foolish indeed to assume that 
the status quo with regard to any metal-finishing process was sacrosanct. As has been 
pointed out in many places recently, considerable dissatisfaction exists among ultimate 
consumers concerning the service performance of nickel-chromium plate, and on the 
Continent at least, measures are being taken to introduce, not alternative finishes, but 
alternative materials, and this straw in the wind may well betoken a coming hurricane. 

The time to meet a threat is while it remains only a threat not when it has become an 
accomplished fact, and the way to ensure that a process or a finish continues to be used by 
industry is to make certain that that finish is and remains the most economic in terms of 
its production cost, service life and sales appeal. The fact that a finish enjoys a virtual 
monopoly today is far from being a guarantee that it will continue to occupy that enviable 
postion and all those whose interests are bound up with the commercial application of 
finishes must be concerned in maintaining and developing their commercial superiority. 
The only effective means to this end is constructively designed investigation and research, 
both long and short term, and the extent to which such work ts carried out and supported 
by the finishing industry must be a measure of its future prosperity. 

In relation to the large number of firms, both large and small, that derive their liveli- 
hood from the application of finishes to metal, the resources devoted to research into these 
processes appear trivial, and furthermore, there appears little readiness to develop and 
promote such findings as are promulgated from time to time by the various research 
bodies, whether in this country or abroad. 

Metal finishers today are undoubtedly enjoying a very meaty bone in the application 
of well-established processes and may consider themselves justified in not grasping after 
what may prove to be the shadow of more novel techniques. Nevertheless other interests 
are far from idle and are sparing neither money nor efforts in their assault on present 
long-established markets. 
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SORRY, NO NICKEL! 


HE nickel situation becomes increasingly 

confused, with conflicting forecasts, patchy 
distribution and continuing shortages. The 
number of burglaries in which nickel anodes are 
a prime objective is, perhaps, also a measure of 
the difference between supply and demand. It 
seems hardly credible that this should be the case 
when Canada (which supplies about 80 per cent 
of the free world’s metal) has already increased 
its production by 50 per cent since the beginning 
of the Korean War. It is expected that production 
in 1955 will be about 170,000 tons as compared 
with 160,000 tons in 1954, but in the meantime 
even supplies from the Far East at about double 
the normal price are rapidly disposed of. 
Government stockpiling at premium prices plus 
more demands for gas turbines and jet engines 
(despite a reduction in the arms programme) are 
likely to make the plating supply position even 
more precarious in the foreseeable future. 

Electroplating requirements constitute upwards 
of 10 per cent of the world’s nickel supplies, and 
so far, despite many efforts, no adequate sub- 
stitute has been found for it as an undercoat for 
chromium. The most formidable rivals to nickel- 
chromium plate are much more likely to be high- 
chromium iron and brightened and anodized 
aluminium alloys. 

The patron saint of travellers (in the trade) 
might not inappropriately be re-named St. 
Nickel-less, by the way in which he leaves their 
prayers unanswered. 


VATLESS PLATING 


HOSE who have seen a practical demon- 

stration of the local application of deposits of 
nickel, chromium and other metals by a now well- 
established process of French origin must have 
been impressed by its possibilities. A graphite 
electrode is used connected to a pad holding the 
special non-toxic solutions, while the electrical 
equipment is designed to deal with short circuits 
and to give an indication of the rate of plating. 
The preparatory processes have to be carried out 
manually, however, which can be a pernickety 
job, in many cases. 

Now, however, a new miniature vacuum shot- 
blasting apparatus is available which seems to be 
ideally suited for this chore. The device is 
operated by compressed air and projects a fine 
jet of abrasive where it is wanted, gathering up 
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the debris and removing it from the abrasive, 
Clean air only is discharged through an air 
filter-bag. 

The conyentional method of handling heavy 
articles for local plating through a series of tanks 
with all the paraphernalia of applying and re. 
moving “stop-off” materials seems very laborious 
when such alternative methods are available. Are 
we at the beginning of a possible new system of 
vat-less plating in which the whole sequence of 
operations might be carried out automatically by 
similar means? After all, one only needs to add 
alkaline cleaning, one or two acid dips and some 
rinses, and the installation is complete. The 
prospect is an intriguing one. An immediate 
possible application that springs to mind is the 
chromium plating of cylinder bores. Verbum 
Sapienti..... 


THE VIRTUES OF IMPURITIES 
NE of the common assumptions often made, 
in the absence of evidence to the contrary, is 

that a pure material is superior to one which is 
less pure. It is now a long time since it was 
discovered that nickel to which a small amount of 
nickel oxide has been added makes a more satis- 
factory anode than pure nickel. Now a similar 
phenomenon has apparently been discovered in 
the case of copper. In acid baths pure copper 
anodes tend to produce sludges consisting of 
minute particles of copper which adhere to the 
cathode and cause rough deposits. These 
particles are thought to be formed as a result of 
the oxidation of cuprous sulphate in the anolyte 
to cupric sulphate, with the liberation of metallic 
copper as fine particles, averaging about 0.001 
mm. in diameter. This is less than one-twentieth 
of the diameter of the smallest grain size in a hot- 
rolled or cast anode. 

Recent work in the U.S.A. has indicated that 
the deliberate addition of specific impurities to 
the copper (notably phosphorus or arsenic im 
amounts greater than 0.005 per cent) prevents the 
formation of copper particles and has no adverse 
effect on the deposit. Copper anodes containing 
0.02-0.03 per cent of phosphorus have now 
become commercially available in the U.S.A., and 
if they do all that is claimed for them, a demand 
for anodes of this type will be created on this side 
of the Atlantic. 

So it seems that in plating, as in other forms of 
human activity, while purity is often a virtue, 
the rule is by no means universally applicable. 
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The Eleetrodeposition of Titanium: 


AN ACCOUNT OF SOME AMERICAN WORK 





Based on information released by the U.S. Armed Services 
Technical Information Agency 





I. General Considerations on the Nature of the 
Electrolyte to be Used. 


MUCH has been accomplished in the last few 

years on the electroplating of iron with 
nickel and chromium. Other metals, such as 
tungsten, have also been tested in electrolysis, but 
have seemed very difficult to work with. The 
properties of these metals are such as to give 
significant protection to the base metal. Titanium 
can play a similar role, as demonstrated by the 
results obtained by the dry process. The direct 
use of its salts as an electrolytic bath, on the other 
hand, seems advantageous because of the low net 
cost. 

Chemical literature showed no evidence of work 
on the electroplating of iron by titanium or on the 
electrolytic preparation of titanium, and the 
researches described below were guided by the 
results obtained during researches on the electro- 
lytic deposition of other metals. 

The industrial and scientific experience ac- 
quired during the numerous tests carried out 
showed that the electroplating of one metal by 
another does not, in general, require the electro- 
lysis of a solution which has metal ions with a 
tension superior to the equilibrium tension 
“metal-ion.”” Secondary phenomena, such as 
all the secondary chemical reactions which may be 
produced in the solution, make the problem even 
more delicate. The difficulty is accentuated when 
a deposit with practical properties, such as 
continuity, compactness, and good adherence 
to the base metal are required. The experimental 
conditions are therefore restricted from the 
outset. 

As an example, may be cited very briefly the 
problem of electrolytic deposition of tungsten and 
chromium. 

The process of obtaining metallic tungsten 
through electrolysis was studied by B. Newmann 
and H. Richter.) The binary salts of tungsten are 
not easily dissolved in water; therefore, cannot 
yield sufficiently concentrated baths. These 
salts are easily hydrolyzed by hydrate precipita- 


tion during the electrolysis of their aqueous 
solutions. It is therefore impossible to obtain 
tungsten with such solutions. There are two 
means of preventing the formation of hydrates 
and eventually, to deposit the metal, viz. (1) to 
use tungsten salts in complex form in aqueous 
solutions; (2) to use organic solvents. 

The first salt used was tungsten and potassium 
double oxalate 3K,0. 2W2,0;. 4C,0;3. 9H,0. 
which is rather a complex salt. The electrodes 
were platinum, separated by a diaphragm. 
The results were negative. The authors obtained 
nothing but oxides on the cathode. 

The other complex salt used was tungsten and 
potassium cyanide K4W(CN)s. The cathode 
showed a deposit of small quantities of a black 
substance. The result was encouraging, but 
continuous electrolysis gave only unappreciable 
quantities. 

Organic solvents were then tried, e.g. glycerine, 
acetone, pyridine, with tungsten hexachloride, 
WCl,. as the electrolyte. Only the glycerine 
solution gave some metal. In the other two cases, 
the results were negative. The chloride solution 
in acetone gave no variation in colour, and the 
pyridic solution, after 30 minutes, did not conduct 
the current or form a mass. 

Thus, it was impossible to obtain satisfactory 
deposits of tungsten by these processes. 

The electrolytic deposition of chromium was 
studied by a great number of authors. They 
examined the effect of (1) density of the current; 
(2) temperature; (3) nature of the metal constitut- 
ing the electrode; (4) duration of electrolysis; 
(5) addition of small quantities of other salts to 
the principal solution; (6) composition of this 
solution, particularly, the valency of the chromium. 

It should be emphasized here that, generally, by 
“electrolytic bath’”’ is meant an aqueous solution 
containing per litre: 243 gm. of chromic acid and 
2 to 3 gm. of Cr2(SO4);. Ambient temperatures 
were used with a current density of 13.4 amp per 
sq. dm. The tests conducted with chromic salts 
alone gave inferior results, which could be 
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remedied by using high current densities and 
rotating cathodes. 

The nickel deposit also required a high con- 
centration of metal bath, high current density, and 
a fixed and accurately controlled pH. 

It should be noted that, in most cases, the best 
results were obtained with high metal concen- 
trations in the form of complex ions, i.e., very 
weak concentrations of free cations. This fact was 
illustrated by the use of complex cyanides to 
deposit gold or silver, and by the use of fluostannic 
acid or sodium stannate to deposit tin. It was also 
illustrated by the effect of adding ammonia salts 
(complexes of nickel) on the quality of nickel 
deposits and by the use of chromic acid in 
chromium deposit (chromates Cr++*). 

Working with complex electrolytes, a finer grain 
and more adherent deposit was obtained. 

Emanating from these known facts, in the tests 
non-aqueous solutions of titanium salts were first 
used, and later, complex aqueous solutions of as 
high a concentration as possible, and finally, 
complex aqueous solutions containing titanium 
at its maximum valency. 

(a) The first electrolysis tests were to dissolve 
titanium chloride TiCl, in purified organic 
solvents, mostly anhydrides such as methyl 
alcohol, ethyl alcohol, glycerine, acetone, and 
pyridine; however, it was not possible to obtain 
any titanium deposit. The anode was of platinum 
and the cathode was first of iron, then of coppered 
or nickeled iron, and finally, of platinum. 

(b) Other tests were made starting from 
aqueous solutions: 

(1) Titanium chloride was dissolved in a con- 
centrated hydrochloric-acid solution. The 
electrolysis only produced reduction from 
TiCl, to TiCl; and the solution turned 
violet. 

(2) Freshly prepared titanic acid was dissolved 
in (a) sulphuric acid; (b) oxalic acid. This 
process gave a reddish, non-adherent and 
non-uniform deposit. Later, oxygenized 
water was added, but the results were the 
same. A variation of current density also 
was without effect on the deposit. 

After all these negative tests with simple salts, 
complex titanium salts such as titanium tartrate 
acid and titanium and potassium double oxalate 
were used. 


Il. Preparation of Electrolyte. 


(a) Tartrate. Titanium tartrate, like analogous 
compounds of aluminium, iron, chromium, 
antimony, tin, lead, copper, nickel, cobalt, and 
zirconium, is not a simple salt in aqueous solution. 
Among the numerous publications on the nature 
of these emetic compounds, the conclusions of 
Hakomori® will be cited who showed their com- 


plexity by means of spectral analysis, electrical 
conductivity, the rotative power, the observation 
with ultramicroscope, and considerations of the 
chemistry of colloids. 

Titanium tartrate can be prepared as follows®: 
“A concentrated aqueous solution of tartaric 
acid is saturated by titanic acid by heating in a 
double boiler. A greenish solution is produced 
which, after concentration, becomes viscous and 
non-crystalline. The solution is dried on a porous 
plate; then, after being crushed, is transformed 
into a white powder which is soluble in water, 
The analysis shows that the formula is: 

Ti (C4H40¢6)2.4H2O 

These solutions have an extraordinary rotative 
power. A concentration of 1.5 gm. in a solution 
of 100 cc. gives: 


[ p| 15 deg. = 140 deg. 8 min. 


This formula does not show that this body is 
complex. The extraordinary rotative power, 
however, seems to confirm Hakomori’s con 
clusions. 

From this process, a titanium tartrate of 
molecular proportions, was prepared viz.: 

Titanic hydrate 





Tartaric acid 

This salt served in the electrolysis tests. 

(b) Double oxalate. Commercial titanium and 
potassium double oxalate were also used. It has 
the form of complex salts: (C,03;HK), TiO>.+ 
H,O and was first prepared and described by 
Pechard® who stated that “titanic acid, when 
precipitated from a solution of titanium chloride 
by sodium carbonate, is dissolved abundantly in 
a hot solution of potassium bioxalate. The 
limpid liquid thus obtained leaves, by cooling, 
colourless crystals belonging to the triclinic 
system. This compound is a potassium salt of an 
acid containing the oxalic acid and the titanic acid 
which may be called potassium oxalotitanate. 
This salt is more soluble in hot than in cold water, 
and can be purified by successive crystallization. 
It is not soluble in alcohol, which transforms it 
into fine colourless needles. 

“Potassium oxalotitanate and its derivates are 
decomposed by alkali: one drop of ammonia ina 
solution of this salt gives a precipitate of titanic 
acid. However, this process cannot separate all 
of the acid, because the presence of organic acids 
prevents its complete transformation. In fact, 
analysis of the potassium salt in this manner, 
yielded only 20 per cent, 20.5 per cent and 
20.3 per cent acid, values well below those found 
by separating this acid from its sulphuric solution 
by boiling” * 


* This work is closely related to the work of Britton (5) on electroti- 
trimetry of the oxaloaluminates and mostly of the oxalozirconates. 
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The oxalate solution gave poor results. Further- 
more, it has no practical usage, because a 
saturated solutiont of this salt is crystallized 
below 17°C and is hydrolyzed above 20°C. The 
tartaric solution itself is not convenient because 
of its low concentration. 

Subsequently, oxygenized water was added to 
these solutions in order to increase the valency of 
titanium to the maximum. 

One of the most recent studies on the action of 
oxygenized water on titanium salts is that of 
M. Billy® who considered the persalts thus 
obtained as derivatives of oxide, Ti,Os, with 
titanium in a pentavalent state. 

The action of oxygenized water on titanium 
tartrate itself may be less simple. Does the 
pertitanic base TizOs in tartaric acid act as an 
ordinary base, or does it enter, as titanic hydrate, 
in an emetic complex type? This question 
remains to be solved. In all probability, it is a real 
complex. Whatever the case may be, it was 
discovered that the addition of oxygenized water 
to titanium tartrate in aqueous solution produced 
a yellow red colour in this solution, which is 
typical of titanium persalts. It was also found 
that this addition permits solutions with lower 
titanium concentration to be obtained. Thus, the 
most favourable conditions were realized. ++ 


Ill. Study of Electrolysis 


Experimental Apparatus 


ioe, tests were made on steel bars and 
tubes. 

For the tests with tubes, the apparatus was 
modified because in this case, there are two 
surfaces to be coated. 

In order to have the:same current density on the 
two surfaces, two parallel anodes were used and 
a second rheostat and a second ammeter to the 
interior anode, added. 

With the two rheostats, it was easy to regulate 
the current density on the two surfaces. 

The following factors were studied: 
|. The effects of the concentration of the titanium 

solution, particularly, the effects of the quantity 

of oxygenized water added to the electrolysis 
in order to increase this concentration and at 
the same time, to carry the valency of titanium 
to its maximum. 

. The effects of the metal constituting the 
electrodes. 

. The effects of temperature. 

. The effects of current density. 

. The effects of the duration of the electrolysis. 





+ The nonsaturated solutions give no deposit. 
tt A few tests relative to the constitution of these solutions are 
bed in the Appendix. 


(1) Effects of Concentration of Titanium in the 
Solution. 


Several aqueous solutions of titanium tartrate 
were prepared, titanium always being at a weak 
concentration (below 30 gm. Ti per litre). These 
solutions gave only a variation in colour; they 
were slightly green at the start, but became 
increasingly yellow. No deposit was observed on 
the cathode. 

If the concentration of titanium was increased, 
the solutions became more and more viscous. 
At the beginning of these tests, they were con- 
sidered to be useless, but later, after the study of 
the effects of oxygenized water, these experiments 
were resumed and it was possible to observe that 
titanium forms a deposit from such a solution 
when the concentration is at the minimum of 
35 gm. per litre. 

Since the electrolytic deposit of chromium is 
more successful with an electrolyte containing 
chromic acid Cr 6 (++) as principal constituent, it 
was first thought that adding oxygenized water to 
the solutions would realize similar conditions 
and give a titanium persalt. 

A tartaric solution which contained only a few 
gm. of titanium per litre plus oxygenized water 
was prepared. The electrolysis of this solution 
gave a thin brown-yellow layer. Analysis 
proved that there was a titanium deposit on the 
cathode. 

Encouraged by this experiment, the experiments 
were continued while increasing the concentra- 
tion of titanium, because the electrolysis of Cr 
and Ni also requires a high concentration of these 
metals. 

In order to have more concentrated and non- 
viscous solutions, titanium tartrate was dissolved 
directly in oxygenized water at 12 v. 

Solution was accompanied by a release of heat. 
Thus a solution of 35 gm. of titanium per litre 
was obtained which gave satisfactory results. 
More concentrated solutions, prepared in the 
same manner, did not give improved results. 

The oxidation of the titanium solutions by 
oxygenized water is manifested by the appearance 
of an intense red colour. On the other hand, as 
has already been pointed out, if the electrolysis 
of a titanium salt solution without oxygenized 
water lasts long enough, the electrolyte, which is 
first colourless, takes on a yellow colour, then a 
red orange, and finally, a deep red. This colour 
relation appears to indicate that the tetravalent 
titanium salt is oxidized’ anodically into the 
pentavalent salt. 

This hypothesis was verified by the following 
experiment: an electrolysis of a titanium solution 
containing 35 gm. of titanium per litre starts to 
deposit the titanium when the electrolytic bath 
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takes on a red colour. Thus, it appears that the 
presence of a persalt is necessary to produce an 
adherent deposit of titanium. However, the use 
of a complex does not seem sufficient to obtain a 
successful deposit. If fluotitanic acid solution, 
TiF 5H, is used, with an excess of HF as complex 
electrolyte and titanium in a tetravalent state, a 
non-adherent and irregular deposit is obtained 
which drops to the bottom of the electrolytic 
container. Thus, the maximum valency of the 
metal is the most favourable for electrolysis. 


(2) Effects of the Metal Constituting the 
Electrodes. 

The cathode consisted of the object to be 
plated, i.e. an iron bar. A series of tests were 
made by first plating iron with copper, then 
nickel. These preparatory treatments did not 
change the nature of the deposits and the results 
were the same as with bare metal. 

The anode was of platinum or lead. These two 
metals were satisfactory, while nickel-chromium 
and graphite were attacked. Aluminium was also 
used but tended to become non-conductive, 
with the current dropping to zero. 


(3) Effects of Temperature. 

The optimum temperature of the electrolytic 
bath was between 15 and 25°, and above this 
value, the deposit became non-uniform. 


(4) Effects of Current Density. 

In the case of the peroxided tartaric solution, 
the current density was most favourable at 10 to 
13 amp per sq.dm. Below this density, the deposit 
was insignificant; above, it was non-uniform and 
non-adherent. 

The experiments conducted during 3-hr. periods 
on different iron bars of equal surfaces are pre- 
sented in Table VIII: 


TABLE VIII. 
Current density per sq. dm. 2 5 20 26 
Deposit in mg. __.... “ss 4 7 28 45 
Adherence ... good good bad bad 


(5) Effects of the Duration of Electrolysis. 

Using a current density of 10 to 13 amp per 
sq. dm. and the most favourable solution, tests 
were carried out on iron bars having a diameter 
of 6 mm. and a length of 37 mm. A 3-hr. experi- 
ment made under these normal conditions gave 
an adherent deposit having a thickness of several 
thousandths of a millimeter* 

Had the experiment been continued for more 
than three hours, the titanium deposited on the 
first layer would not be adherent and it was not 
possible to measure exactly the weight of the 
deposit t 
The output of the current for an adherent 








coating is 5.6 mg of titanium per amp-hr. 1, 

extremely low. 

IV. Results. 

(a) Corrosion Tests 

Titanium electroplated steel subjected to various 
corrosion tests, gave the following results: 

1. After being put in a container with a bare 

bar and exposed to atmosphere, it did not 

rust, while the bare bar rusted completely. 

Heated in the flame of a gas jet, it was oxidized 

as much as the bare bar. 

3. In synthetic sea water with 2 per cent. oxy- 
genized water, the corrosion of a coated bar 
was much less rapid than that of a bare bar. 

4. A coated bar had no more resistance to acid 
solutions (solution 2N of HCl, H»2SO, 
HNO, and the same concentrated acids) than 
the titanium metal powder. 

(b) Micrography 

The micrographic examination of a transversal 
section of an iron bar electroplated with titanium 
showed that this coating is purely superficial 
without titanium penetration in the iron. 

(c) Measurement of the Potentials of a Bar Coated 

With Titanium. 

The deposited layer is thick enough to mask 
the potentiality of iron in a | per cent sodium 
sulphate solution as shown by the study of the 
pile (+) Hg/Hg2/SO4/Na2/SO41N/Na2/SO, to 
1 per cent/M(—). 

If M is an iron bar, the e.m.f. between pile and 
cathode is 1.145 v. If the electrode is replaced by 
a titanium coated iron bar, the e.m.f. will drop 
to 0.975 v.t 


tN 


Conclusions. 


These tests show that it is possible to obtain an 
adherent deposit of titanium on iron by elec- 
trolysis under the following conditions: 

1. Electrolysis bath is an aqueous solution of 
titanium tartrate in oxygenized water con- 
taining at least 35 gm. of titanium per litre. 








* The thickness e is calculated in the following manner: the bar 
bolas, weighed before and after the experiment gives weight P of 
the deposit; the latter is equal to volume V multiplied by density D of 
titanium, thus giving: 

V = (r + ec)? a H—r2 2H 

V=raH + (re + e2) tnH—r2aH 
Vv = Are + e2)2H 

2re + e2) 2 HD = P 


, am 
2re + e2 x HD 
e2 + 2re — Hy = 
a HD __ 
e=-—fF et 
~~ aHD 


+ The coating comes off. 


t The electrode we used previously which consisted of mercury! 
SO,4Hg2/SO,Na2IN was positive to the saturated calomel electrode and 
presen in relation to this electrode, a measured potential difference 
of 0.415v. These measurements were made at the Industrial Chemistry 
Laboratory at the Nancy Chemical Institute by Mr. Aubert. 
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2, Platinum or lead anode. 

3, Electrolysis temperature between 18 and 20°C. 

4, Density of the cathodic current between 10 
and 13 amp per sq. dm. 

These conditions, viz: complex nature of the salt 
in the solution, maximum valency, sufficiently high 
concentration and current density, were those 
foreseen by the study of electroplating with other 
metals such as tungsten and chromium. 

It should be noted that the characteristics of 
complexity and the high valency both seem 
necessary for a deposit of good quality, while one 
alone is not sufficient. These facts derive from the 
negative and positive results. 

The maximum valency is necessary because 
good deposits were obtained only with oxygenized 
water. On the other hand, this condition is not 
sufficient because it was not possible to obtain a 
deposit with a sulphuric-acid solution of titanium 
sulphate even when added to oxygenized water. 

The complex character of the electrolyte is 
necessary because the aqueous or non-aqueous 
solutions of titanium sulphate or tetrachloride fail 
to give a deposit. This condition by itself, 
however, is not sufficient because the deposit is 
not adherent (e.g. electrolyte WF,5H>). 

The deposit obtained with fluotitanic acid 
consisted of small grey crystals which were very 
easy to detach. This is of interest for the elec- 
trolytic preparation of metallic titanium. 


APPENDIX 


Constitution and Formation of Pertitanic Solutions 
in a Tartaric Medium. 


In the second portion of this work, two types of 
pertitanic solutions were discovered, viz. the 
solutions obtained by adding oxygenized water 
to titanium tartrate, and the orange colour 
solution obtained by electrolysis of a colourless 
solution of titanium tartrate. 

With the similar results by electrolysis of these 
solutions and the common orange colour, their 
identity might be assumed. However, the 
experiment showed that they differ by more than 
one point. 

The electrolytic solution reacts very slowly on 
the iodohydric acid (potassium iodide and 
hydrochloric acid). It was, only after a period of 
three weeks had elapsed, during which the 
mixture in carbon tetrachloride was agitated, was 
the release of iodine noticed. It is possible, how- 
ever, that the iodine is liberated by the action of 
air. 
On the other hand, a sulphuric-acid solution 
of pertitanic acid oxidizes potassium iodide with 
sufficient speed. All the mixtures of varied 
proportions of tartaric acids, titanium sulphate, 
and oxygenized water which were prepared, 


react rather rapidly on the iodohydric acid, even 
several days after their preparation, and even 
when the added quantity of oxygenized water is 
insufficient to oxidize all the titanium present to 
an oxidation level of Ti,Os. 

Titration of these solutions in acid (10 per cent 
of sulphuric acid) with potassium permanganate, 
differentiates them more clearly. 

The yellow pertitanic acid is derived from 
oxygenized water. It reacts on the permanganate 
acid as oxygenized water, the reaction of which 
M. Billy used to dose the active oxygen of 
titanium persalts which he prepared. 

The action of the potassium permanganate on 
mixtures of oxygenized water, tartaric acid, and 
titanic sulphate totally differs from its action on 
the orange-coloured solution obtained during 
electrolysis. 

At 50°C. potassium permanganate is dis- 
coloured rather rapidly by tartaric acid. On the 
other hand, the discoloration of a drop of cold 
permanganate takes several minutes if made with 
a 10 per cent sulphuric-acid solution, having a 
weak concentration of approx. 1.5 gm. per litre 
in tartaric acid. Thus, it is possible to titrate 
oxygenized water by permanganate with small 
quantities of cold tartaric acid. 

The titanium persalts react with permanganate 
in the same manner as oxygenized water, how- 
ever, the reaction is slower toward the end 
because the oxygenized water is not free. The 
reaction is the same as that of a mixture of tartaric 
acid, oxygenized water, and titanium sulphate, 
even when the titration is made two days after 
the preparation of the mixture. The volume of 
permanganate corresponds well to the volume 
of oxygenized water used, and the final solution is 
colourless. 

Barring all other changes, the reactions are 
entirely different if titration is effected with 
permanganate, | c.c. of the orange-coloured 
electrolytic solution diluted in 50 c.c. of 10 per 
cent. sulphuric acid. The first five or six drops of 
permanganate are rapidly discoloured; the follow- 
ing drops are slowly discoloured but without a 
decrease in the density of the yellow colour of the 
solution. 

The probable constitution of each of these 
solutions will now be considered: 


A. Constitution of the Solutions of Titanium 
Oxidized by Oxygenized Water. 


These solutions probably contain the pertitanic 
base which is combined with the tartaric acid in 
the form of an emetic complex. In any case, it is 
known, that when diluted, this complex is not 
sufficiently stable for its action on the permanga- 
nate to differ from that of pertitanic sulphate. 
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B. Constitution of the Orange-coloured Electro- 
lytic Solution. 

It is derived by electrolytic oxidation of an 
aqueous solution of titanium tartrate. This oxida- 
tion is produced by oxygen or oxygenized water 
from the anode. Its constitution is derived from 
oxygenized water, because the yellow colour is a 
characteristic of titanium persalts, and it is 
known that simple titanium salts can only be 
transformed into yellow persalts by oxygenized 
water in acid or by a component capable of pro- 
ducing oxygenized water such as percarbonate, 
perborate, or Caro’s acid, H2SOs;. On the other 
hand, oxidants such as chloride, persulphuric 
acid, and permanganic acid are without action. 
This remarkable property is common to all the 
acid derivatives of oxygenized water. 

This solution, however, does not behave as a 
pertitanic tartrate solution with potassium iodide 
or potassium permanganate. The fact is that the 
electrolytic oxidation has not only transformed 
the titanic acid into pertitanic acid, but also has 
reacted on the tartaric acid by giving a compound 
which disturbs or masks these reactions. The 
electrolytic solution does not seem to react with 
potassium iodide, because it contains a com- 
pound which absorbs iodine upon release. This 
was proved by stirring the solution with carbon 
tetrachloride which was slightly tinted violet by 
iodine. The carbon tetrachloride was rapidly 
discoloured. No such results were obtained when 
using an aqueous solution of tartaric acid. 

Cold permanganate oxidizes this same com- 
pound slowly without changing the yellow colour 
of the solution. On the other hand, it rapidly 
discolours the solution of pertitanic tartrate. 
Thus, it is necessary to first oxidize the compound 
which absorbs the cold iodine. The fact that it 
does not destroy the yellow colour proves that 
the pertitanic acid is masked in a complex which 
is much more solid than in the solutions of titan- 
ium tartrate oxidized by oxygenized water. On 
the other hand, if the titration of the electrolytic 
solution by the potassium permanganate is made 
under heat, the solution changes colour. 

The question whether the electrolytic oxidation 
is produced by the oxygen or by the anodic 
oxygenized water remains unsolved, because it is 
possible to reproduce the yellow electrolytic 
solution without using oxygenized water by simple 
oxidation of the tartaric acid in 10 per cent. 
sulphuric acid by either hot or cold potassium 
permanganate. 

(a) Hot oxidation. Put 2to3cc. of potassium 
permanganate (5.704 gm. per litre) in a mixture of 
‘50 cc. of 10 per cent. H2SO, with | gm. of tartaric 

~acid at 50° C; the discolouring is quite rapid; 
“then, add titanium: sulphate to this colourless 
solution, and: it will progressively take the yellow 
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colour which is characteristic of the pertitanie acid. 
solution. By retitrating this yellow solution with genize 
permanganate, it will lose its colour, then if by a 
heated, the colour will reappear in a few minutes does 
or, if cooled, after several hours. very 
(b) Cold oxidation. Potassium permanganate with | 
reacts very slowly with tartaric acid when cold, Ta 
However, it was observed that it was possible to actio’ 
speed the action by previously causing an induced 
oxidation to the tartaric acid by the reaction of 
the permanganate with oxygenized water. l. 
In the case of cold titration with potassium adde 
permanganate of a mixture of oxygenized water in th 
and tartaric acid in a sulphuric medium, the sulp! 
reaction was very rapid and the volume of 
permanganate corresponding to the titration of com 
the present oxygenized water was _ greater; pres 
subsequently, the reaction was slower. Thus, 2. 
there is oxidation of the tartaric acid, and, if oxid 
titanium sulphate is added to the resulting colour- pose 
less solution at 50° C. it takes the yellow colour (a 
characteristic of the titanium persalts. This com 
oxidation of the tartaric acid favours an induced peri 
reaction during the destruction of oxygenized (. 
water. In fact, barring any other changes, if first whi 
the oxygenized water is reduced alone and then the 
tartaric acid added, the solution obtained does 3 
not react even with a single drop of permanganate. tio1 
The oxygen was fixed in the tartaric acid by Ox! 
permanganic acid, by either cold or hot process. Ho 
The “‘pertartaric acid” was then released slowly Ine 
from the oxygenized water with oxidation of inc 
Ti++++ into Ti,Os. 
The electrolytic oxidation of titanium tartrate _ of 
may very well be produced by oxygen being formed col 
on the anode* with a formation of pertartaric es 
TABLE I. . 
Composition of the titrated solution 
(volumes in cc.) 
Oxygenized Tartaric Titanium Readings Observa- th 
water acid sulphate in KMnQ, _ tions 
in cc. 
10 0 0 11.35-11.35 
10 3 11.35 
10 0 2 11.35 Ww 
10 l 0 11.35-11.50 
10 3 0 11.50-11.50 
10 3 1 11.45 
10 3 3 11.50 
10 20 0 11.80-11.80 thecolour 
is not re 
constant, It 
Solutions used: u 
Titanium sulphate at 10 gm. of titanium per litre. h 
Solution of tartaric acid at 50 gm. per litre. | 
Soletion of potassium permanganate at 5.704 gm. pet I 
itre n 
Solution of oxygenized water approximately equal to the fi 
permanganic solution. 
All the titrations were made cold and. with 50 cc. of an n 
aqueous solution of 10 per cent. sulphuric acid: I 
* Greater release if the current density is very high. r 
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acid. This pertartaric acid, derived from oxy- 
genized water, would then form pertitanic acid 
by a classical mechanism. The pertitanic acid 
does not remain in a free state but enters into a 
very solid complex either with tartaric acid or 
with oxidation products. 

Table I lists all the experiments relative to the 
action of the permanganate on tartaric solutions. 


CONCLUSIONS 


|. The solutions of titanium tartrate with 
added oxygenized water react with permanganate 
in the same manner as the solutions of pertitanic 
sulphate. 

Oxygenized water reacts by giving an unstable 
complex of the pertitanic base (Ti20s) and by 
presenting the character of these persalts. 

2. On the other hand, the electrolytically 
oxidized solution of titanium tartrate are com- 
posed of: 

(a) A very firm yellow-orange pertitanic 
complex which reacts but little with the potassium 
permanganates, especially when cold. 

(b) Products of the oxidation of tartaric acid 
which, when cold, absorb iodine and react with 
the potassium permanganate. 

3. In addition, a clear case of induced oxida- 
tion was described. Tartaric acid alone is not 
oxidized when cold by potassium permanganate. 
However, in oxygenized water, the oxidation 
increases as the concentration of tartaric acid 
increases. 

It was also pointed out that the slight oxidation 

_ of tartaric acid in sulphuric medium either hot or 
cold by potassium permanganate leads to a 
compound which reacts with the titanium sul- 
phate by producing the yellow colour 
characteristic of pertitanates. 

Thus, it actually appears to be a pertartaric acid. 

No work on pertartaric acid could be found in 
the literature. 


General Conclusions 


Two methods have been chosen to coat iron 
with titanium. They are: 

(1) A dry method starting with 

chloride vapour. 

(2) Electrolysis. 

(1) It was pointed out that iron cannot 
reduce the titanic chloride even at 1400° C. 
It does however reduce TiC] 3, in fact, from 900° C 
upwards, by carrying the vapour of TiCl, with 
hydrogen, reduction of trichloride was obtained. 
If the hydrogen is not completely free of nitrogen, 
nitride instead of pure titanium is obtained. The 
formation of yellow nitride TiN constitutes the 
Most sensitive reaction of nitrogen. The deposited 
layer is very thin because the displacement 
Teaction of titanium by iron stops when the 


titanic 


thickness is sufficient to prevent contact between 
iron and TiC]. 

The coating obtained has excellent resistance 
to acid vapours and even to concentrated acids. 
The resistance to salt water, with oxygenized 
water added, is also good, provided the coating is 
perfectly uniform. 

On the other hand, the resistance of the 
titanium coating is much less under the same 
conditions. 

(2) In the second part—electrolysis—it was 
pointed out that a good deposit of titanium on 
iron requires an electrolyte composed of a 
complex persalt in which titanium is in its 
maximum valence. 

The electrolytic bath is as follows: 

An aqueous solution of tartrate with a perti- 
tanic base is obtained by dissolving titanium 
tartrate in oxygenized water at 12 volts. The 
titanium concentration to be used is at least 35 
gm. per litre. The anode is platinum or lead, the 
temperature of the electrolytic bath is 18 to 20° C, 
and the current density is 10 and 13 amp per sq. 
dm. If the duration of the electrolysis is 3 hours, 
the iron is coated by a titanium layer which has a 
thickness of several thousandths of a millimeter. 
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CENTENARY OF ALUMINIUM 
A Progress Exhibition 

ROM June | to 11, 1955, at the Royal 

Festival Hall the aluminium industry is to 
present a progress exhibition, not only to mark 
the centenary of aluminium as a commercial 
metal but to demonstrate convincingly, how the 
present vast output and unique experience already 
gained are now being applied to every great 
industry in increasing measure. 

The Exhibition is primarily directed to all 
present and potential users of aluminium, 
particularly to professional engineers, designers 
and architects, representatives of Government, 
Local Authorities, and the great industries of 
Britain; to Commonwealth and foreign guests; 
also to teachers engaged in University and Higher 
Technological Education. The Exhibition will be 
divided into the following sections: 1. Historical. 
2. Research. 3. Production. 4. Present-day Use 
of Aluminium. 5. The Future of Aluminium. 
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REPORT ON THEORETICAL AND PRACTICAL PAPERS 
DISCUSSED AT FRANKFURT MEETING 


A CORROSION Conference was held under 
the auspices of the Deutsche Gesellschaft 
fiir Chemisches Apparatewesen (Dechema) with 
the participation of the European Federation 
of Chemical Engineers from November 11 to 13 at 
Frankfurt am Main, Germany. About 20 papers 
were read by distinguished authors from eight 
countries. The first day was devoted mainly to 
papers dealing with the nature and causes of 
corrosion, inevitably of a substantially theoretical 
nature. The remainder of the conference was 
mainly concerned with methods of preventing 
corrosion. 

Professor K. Hauffe of Oslo introduced the first 
paper on the oxidation and corrosion at medium 
and low temperatures. The mechanism of surface 
oxidation at medium and low temperatures is 
shown to be more complicated than that at 
higher temperatures, where it may be explained 
by the diffusion of ions and electrons in the surface 
layer. The effect of electrical fields in the low- 
temperature thin oxide layer on nickel and zinc 
has been investigated and it was found that there 
is a logarithmic dependence of the oxidation 
constant on oxygen partial pressure. At a 
greater thickness of the oxide layer the transfer of 
ions will be the rate-determining factor and a 
reciprocal logarithmicdependence will be observed. 
The mechanism of the passive film on nickel and 
iron may be explained by the above findings. 

Professor W. Feitknecht (Berne) then submitted 
his paper on the “ Solid Corrosion Products as a 
Corrosive Factor.” The corrosion of a metal 
in aqueous solution is the result of a number of 
factors depending, for example, on the electro- 
chemical properties of the metal and electrolyte 
solution, the chemical and thermodynamic prop- 
erties of the solid corrosion products and, their 
shape. Results of corrosion tests on zinc and 
copper in sodium-chloride solution were reported. 
The distribution and shape of corrosion products 
were identified by means of the microscope and 
electron microscope and the effect of solid 
corrosion products, their distribution and shape 
on the mechanism of corrosion was discussed. 

The validity of Fick’s law was examined 
experimentally by Professor Grubitsch (Ankara). 
The reaction Pt/O>-electrolyte/unpolarized ar.ode 


was investigated with variations in the oxygen 
content of the catholyte composition and pH of 
the catholyte, and cell resistance. The um 
polarized anode consisted of Zn/ZnSO,, Cd/ 
CdSO,4, Bi/NaCl, Cu/CuSO,. After the circuit 
is closed a sudden increase to a maximum will 
occur in the polarizing current. This pheno- 
menon may be explained by the depolarization 
of the absorbed oxygen on the cathode surface 
and the formation of a diffusion layer. A constant 
residual current is obtained after about 5 to 20 
minutes and it was found that the adsorption 
layer was easily disturbed in stirred electrolytic 
solutions. The effects of the oxygen concentration, 
unstirred and stirred electrolytes on the potential 
difference are shown in time-current curves. 
The application of electrochemistry in corrosion 
tests was also discussed by Dr. Pourbaix (Brussels). 
He gave examples of the application of thermo- 
dynamics and electrochemical kinetics for ex 
plaining corrosion phenomena. The conditions 
for the formation of solid, gaseous and liquid 
compounds can be calculated from free energy 
data. Results were presented in the form of 
diagrams showing the dependence of pH values 
of the solution and the electrode potential on the 
temperature. With the help of these diagrams and 
certain hypotheses the tendency for corrosion to 
occur can be determined. The validity of this 
method was proved by a comparison with 
experimentally obtained polarization curves for 
iron, stainless steel and metals such as lead, 
zinc, cadmium and titanium. 

Dr. M. Werner (Opladen, Germany) discussed 
the kinetics of Fe,;0,4 formation which is of great 
importance in boiler plants. The heat of activa 
tion is shown to depend on the type of iron used 
and the state of aggregation of the water. Armco 
iron in sheet form has a heat of activation of 
20,600 cal/mole, while that of florist’s wire 1s 
15,000 cal/mole, and liquid iron will have an 
even lower heat of activation (10,000 cal/mole). 
The effect of the different heats of activation on 
the corrosion of the iron was discussed. 

The effect of halogens present in aqueous 
solutions on the behaviour of 18/8 Cr/Ni steel was 
studied by Dr. C. Carius (Diisseldorf-Oberkassel). 
E.m.f. measurements on 18/8 Cr/Ni steel im 
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. neutral water gave the potential of the oxygen 


electrode, being reversible in 10-¢N KCI and 
IN. H2SO, solution. It is therefore shown that 
the theory of passivity can be applied to stainless 
steel in aqueous salt solution. This passive 
behaviour can only be explained by the fact that 
no ions are formed. In the presence of halogens 
the oxygen potential was not obtained. Potential- 
time curves are given for 18/8 Cr/Ni steel in 
NaCl, KCI and sodium-fluoride solution and the 
disturbing effect of the halogens is also shown on 
current-density/potential curves. The steel sur- 
face was found to be severely pitted. 

The corrosion of iron electrodes under direct 
current and alternating current loads was investi- 
gated by Professor H. F. Schwenkhagen (Wupper- 
tal-Elberfeld). He found that eddy currents were 
the cause of the destruction of earth plates in 
power stations and advised against the use of 
copper as a building material. 

Transcrystalline stress corrosion cracking in 
ferritic and austenitic steels, often encountered in 
the petroleum industry, was discussed by Dr. I. 
Class of Ludwigshafen. Transcrystalline cracking 
and corrosion seems to occur frequently in 
ferritic steel under mechanical loading. Only 
recently has it been considered to be due to stress 
corrosion. The role played by hydrogen sulphide 
is given special attention as it prevents the atomic 
hydrogen, which is formed on the metal surface 
during the chemical attack from converting into 
the molecular form. The influence of tensile 
strength, and mechanical loading on stress cor- 
rosion cracking has been studied and it is shown 
that the presence of inclusions and segregation 
in the steel give favourable conditions for crack 
formation. Preventive measures were discussed, 
as, for example, the use of inhibitors. The cavities 
in metals caused by the rapid flow of water 
(water turbines, rotary pumps, jets, bend pipes 
and ventils) was. discussed by Professor F. 
Erdmann-Jesnitzer (Freiberg). Non-ferrous 
metals, glass and plastic materials were studied 
and results presented in the form of loss in weight- 
endurance curves. It was found that at an early 
period (incubation period with almost negligible 
weight loss) there is a strong tendency for crack 
formation due to elastic vibration in which the 
grain boundaries are highly sensitive to chemical 
attack. Inter- followed by intra-crystalline 
cracking will occur in this case. The fracture due 
to shear stresses is found to be favoured by the 
tesonance of pressure waves set up by the collapse 
of nearby lying cavities. 

_ Another considerable problem in the petroleum 
industry is the danger of corrosion by sulphuric 
acid. H. W. van der Hoeven, of the Koninklijke/ 
Shell Laboratories, Amsterdam, reported results 
Obtained in laboratory tests using streaming 





H2SO, solutions. The usual procedure has been 
to use static conditions in corrosion tests. But 
it has been observed that the rate of flow of the 
liquid influences greatly the rate of corrosion, a 
new laboratory method for investigation under 
these conditions was described. Professor F. 
Tédt (Berlin-Dahlem) studied the initial corrosion 
of metals in contact with aqueous solutions at 
room temperatures. Two types of corrosion are 
observed. One type of corrosion is initially only 
slight and then increases to a manifold amount. 
The cause is found in the exposure of more noble 
impurities in the sample and consequent hydrogen 
evolution. The other type of corrosion is great in 
the beginning and then decreases to a small 
constant value. This is due to the formation of an 
oxide layer. When the oxide layer is used up, 
further corrosion will take place till again a 
constant value is obtained which will then depend 
only on the diffusing oxygen. 


Methods of Prevention 


The use of inhibitors for preventing corrosion 
was discussed by Professor H. Fischer (Karlsruhe). 
Two types of inhibitors are known, “ physical” 
inhibitors which block up the metal surface by 
means of adsorption or electrostatic attraction ; 
‘* chemical ”’ inhibitors which react with the metal 
giving rise to a thin protective film. A chemical 
inhibitor may also react with the corrosion 
medium and reduce its corrosive action (complex 
formation). The mechanism of the two types of 
inhibition and their application were discussed 
in detail. The corrosion of zinc and the effect of 
inhibitors in acid solutions of different strength in 
the temperature range 20 to 60°C. was investigated 
by Dr. W. Wiederholt (Berlin-Dahlem). Dr. A. V. 
Blom (Monti della Trinita, Switzerland) found 
that some inhibitors increase the protective 
properties of a paint layer even when a critical 
water content of the latter is exceeded. The 
protective paint layer is designed to stop electro- 
chemical reactions on the surface of the metal and 
therefore should be dry and firm. The pigment 
when used in the correct volume ratio should, in 
addition, strengthen the paint layer and decrease 
its permeability towards water. The chemical 
water treatment and its effect on corrosion was 
dealt with by Professor L. W. Haase. For 
reducing the danger of corrosion in water pipes 
and containers, the water has been treated in 
several ways. Chemical additions to water which 
might have an effect similar to that of an inhibitor 
were tried out and their electrochemical behaviour 
studied. For controlling the dissolved oxygen 
content new airing methods and additions of 
nitrates and other oxidizing compounds (chlorine, 
etc.), phosphates, silicates, and fluorides were 
studied. (continued in page 75) 
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ELECTRIC FURNACES 
for VITREOUS ENAMELLI 


Some details of the performance of an installation at the 
of The Thomas De La Rue Co. Ltd. 


by K. RONEY 


LTHOUGH many new means of finishing 
ferrous metals have been introduced in 

recent years, vitreous enamels have maintained 
their popularity and, owing to recent develop- 
ments, are even becoming increasingly important 
where a durable and attractive coating is required. 

Within the past few years new types of enamels 
have been formulated and in conjunction with 
developments in the base metals themselves and 
modern processing methods, the use of vitreous 
enamelling has extended to a large variety of con- 
sumer goods and industrial products. 

Owing to the insistence nowadays for high- 
quality finishes and the large amount of plain 
colour and white work to be processed, clean- 
liness of operation is an essential feature of the 
furnace being used. It naturally follows that all 
electrically heated units fulfil this condition since 
there are no products-of combustion. Even if a 
muffle is incorporated in the fuel-fired type of 
furnace the refractory from which the muffle is 
made is almost invariably permeable to a certain 
degree, resulting in contamination of the ware. 
Also, the combustion chamber is normally 
situated beneath the hearth of the chamber with 
such an adverse effect upon the refractories that 
frequent rebuilding of the hearth is necessitated. 
Such an occurrence cannot take place with 
electrically heated equipment, 
maintenance costs being nor- 
mally a fraction of those asso- 
ciated with fuel-fired furnaces. 
The absence of flame: action 
and the smaller temperature 
gradient greatly reduce wear 
and tear on the brickwork. 

At this juncture a reference 
to relative costs will be of 
interest. Although on a 
B.Th.U. basis electricity is 
usually more expensive than 


Fig. 1.—View of two electric enamel- 
ling furnaces installed at the works of 
The Thomas De La Rue Co. Ltd. 





other forms of fuel, its economy is obtained by the 


high quality of the product meaning fewer rej 
and reduced handling and maintenance cost, 
Further, the reduced time that the furnace is outof 
commission for repairs assists in effecting longs 
term economies all in favour of electric heating 
The heating elements have a long life and ar 
easily replaced. An operational life of ten years 
is not uncommon for the 80/20 nickel-chromium 
alloy normally used. 

In considering the cost of electric heating it 
should not be forgotten that an electric furnace 
operating from a three-phase supply, improves 
the load and power factors of the supply to the 
factory, which reduces the average price paid for 
the electric supply for other purposes. 

Fig. 1 depicts two electric enamelling furnaces 
(a third has recently been supplied) installed in 
the works of The Thomas De La Rue Co. Ltd. by 
G.W.B. Furnaces Ltd. of Dudley. The instal 
lation on the right was supplied in 1933 and is 
still functioning to the complete satisfaction of 
the customer. It is interesting to note that the 
first replacement bricks, together with a few new 
heating elements, were not ordered until 1942. 

The second G.W.B. furnace was supplied 
towards the end of 1950 and has an electrical 
rating of 180 kW., this being split into two zones 
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each controlled automatically and independently 
by means of an indicating controller. These 
instruments are contained in a G.W.B. totally 
enclosed cubicle. Mounted above the instruments 
are three pilot lights; one red to show that the 
equipment is alive, two green to indicate when the 
heating elements are on in either zone. 

The elements consist of heavy gauge 80/20 
nickel-chromium wire in coil form supported in 
specially moulded open groove refractory fire- 
bricks. The average thickness of the wire is _; in. 
diameter and the mean diameter of the coils is 
lj in. They are thus mechanically strong and the 
method of continuous support reduces stress to a 
minimum while the open structure permits a 
maximum dissipation of heat and does not 
introduce any complications arising from shield- 
ing, with its attendant excessive element tem- 
perature. The charge supporting piers provide a 
firm base by reason of the retaining wall design of 
construction. Heating elements are fitted in these 
piers, suitably protected so that any accumulation 
of dirt forms on the bare refractory of the furnace 
hearth at the base of the piers and is thus easily 
removable. 

For the purpose of loading and unloading the 
furnace a Duplex charging machine has been 
supplied, this being hand operated. A close-up of 
this machine is given’in Fig. 2. This machine is 
arranged for a limited traverse so that one section 
can be used for discharging while the other half is 
loaded for charging; the loading of the second 
half section of the machine may be effected while 
the first load is being processed. The dark charge 
on the right has just been extracted and is still hot; 
the light coloured pieces on the left are due to be 
inserted. Both loads when fused and cold will 
have a black enamel finish. This charging 


Fig. 2.— Duplex charging machine for 
enamelling furnace. 


arrangement cuts to a mini- 
mum the time when the door 
is open. It will be appreciated 
that a quick “pick-up” of heat 
is essential for efficiency of 
operation and, to ensure 
this, the door gear drive is 
specially designed for speedy 
raising and lowering. Also, 
heating elements are fitted to 
the inner face of the insulated 
refractory lined door to counter 
possible end heat losses and 
stabilize rapidly thermal 
conditions within the chamber 
so that a very high degree of 
temperature uniformity is attained. 

With regard to outputs obtainable on this type 
of furnace and the relevant consumption figures, 
it is a difficult proposition to formulate any 
specific data. This is due to the varying thickness 
of the base metals and the differing proportions 
of heat absorbed by the enamel itself and the 
actual metal being covered. When considering 
sheet steel of 24 gauge (0.025 in thick) from which 
domestic articles are normally manufactured, the 
amount of electricity required to heat one square 
foot to 900°C is 74 watts. Assuming an undercoat 
is applied, this by itself would absorb approxi- 
mately 19 watts for both sides while the enamel 
cover coat would require about 23 watts for the 
temperature in question, making a total of 42 
watts. It will be seen that these latter figures 
form an appreciable percentage of the total heat 
required; nearly 25 per cent as much heat for the 
ground coat as for the metal and over 55 per cent 
for the ground and cover coats together, as for 
the base metal. In addition, a most important 
factor to be considered is the type of fixtures or 
perrits for supporting the charge. These must be 
carefully designed with as little weight as possible 
compatible with sufficient strength so that the 
amount of “unproductive metal” to be heated is 
reduced to a minimum. The furnace supplied to 
The Thomas De La Rue Co. Ltd. is used for 
enamelling cast-iron gas cooker parts at ap- 
proximately 880°C and gives an average output 
of approximately 6 lb. per kilowatt hour. 

Continuous electric furnaces for vitreous 
enamelling have also been manufactured and are 
becoming increasingly popular where large quan- 
tities of comparatively uniform items require to be 
processed. A typical unit is shown in Fig. 3. 

(continued in page 76) 
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Advice on all aspects of —— finishing practice is offered on these pages, and while every care is taken to ensure the accuracy oj 


information 





Tin-Nickel Plate 
Sir, 

Tin-nickel alloy electroplate is, in our view, 
misjudged in one particular in the summary of 
the report of the investigations conducted by the 
CODAF group (METAL FINISHING JOURNAL, 
January, 1955, p.16). 

After stating that a tin-nickel finish applied 
under the best conditions over a copper undercoat, 
has all the corrosion resistance claimed for it, the 
note goes on “. . . but when used out of doors 
where dust accumulates, the finish loses its bright 
and attractive appearance very rapidly as com- 
pared with normal nickel+-chromium plate.” 

This is not in the least in accordance with our 
experience, which covers a very large number of 
specimens exposed out of doors, side by side with 
nickel+-chromium under atmospheric conditions 
of the most varied types. A full account of our 
tests appeared in the Transactions of the Institute 
of Metal Finishing, 1953, and I shall be glad to 
send a reprint to anyone interested. The tin-nickel 
alloy electroplate is not more prone to collect 
dust and dirt than nickel-+-chromium and there is 
nothing to choose between the two as regards the 
limited cleansing action of rain and wind. Super- 
ficial dirt and stains are readily removed by 
rubbing with a clean duster or a rag moistened 
with detergent. Tin-nickel alloy electroplate does 
not develop the greenish growths of nickel salts 
that frequently appear on nickel -+chromium. 

Tin-nickel alloy electroplate is, in fact, far 
from being at any disadvantage when compared 
with nickel+chromium for either indoor or 
outdoor purposes. 

Yours, etc., 
TIN RESEARCH INSTITUTE, 
GREENFORD, MIDDX. W. R. Lewis, 
Assistant Director. 


The foregoing comment was referred to the 
chairman of the Codaf Group, Mr. A. W. Wall- 
bank, who replied to the effect that nothing in 
the report of the investigations conducted by the 
Group should be construed as implying that the 
corrosion resistant properties of a_ tin-nickel 
finish are any less good than is claimed for it, or 
that the finish is more likely to collect dust and 
dirt than nickel chromium. The findings of the 
committee were however, that under equal 
exposure conditions and having acquired equal 
contamination with dust etc., tin-nickel plate did 


resp 'y can be accepted for any loss which may arise in respect of any errors or omissions. 


appear to lose a greater proportion of its lustre 
in comparison with nickel chromium; the full 
brightness of both coatings being simply restored 
by the removal of superficial soil. It is assumed 
that this phenomenon is largely an optical om 
arising from the marked colour difference 
between the two plated coatings and not from 
any intrinsic difference in their physical or 
corrosion-resistant properties. 


Cellulose Finishing 


1121. Having recently enlarged our panel-beating 
and car-repair department by the addition ofa 
cellulose shop we have encountered one or two 
difficulties in connexion with body finishing on 
which your guidance would be welcome. 

A recent re-cellulosing job has given trouble, 
the old finish, which was reasonably sound, was 
flatted down with waterproof abrasive followed 
by a mist coat and two full coats of cellulose, 
On examination of the finished job however, 
there are a number of swollen patches lightly 
hatched with scratches. We have not em 
countered this before and would be grateful if 
you could advise us as to the cause. 

It would appear that this defect arises from the 
presence of residual traces of wax polish applied 
on the previous coating which would not be removed 
during wet flatting, and it would be necessary to 
wipe down with a suitable organic solvent, eg. 
cellulose thinners or white spirit before spraying. 


Estimation of Coumarin 


1125. We are using a nickel solution containing 
coumarin as a levelling agent, the solution being 
used to give a smooth but not bright deposit. 
Some difficulty is experienced in maintaining the 
coumarin at the optimum concentration, and we 
should be glad to know if there is any way of 
checking the correct analysis for this substance. 

There are, at the present time, no published 
methods for estimating coumarin in a_ nickel 
solution. It is possible that this may be done by 
extracting it with an organic solvent, but a success 
ful method cannot be given at the present time. 
Coumarin is slightly volatile as is shown by the 
strong smell which is noticeable when it is being 
used. There is also some evidence that it forms an 
additive compound with iron, this compound taking 
the form of a brown scum on the surface of the tank. 


(continued in page 81) 
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Some Notes on the 
Installation Requirements 


of 


PAINT SPRAY FINISHING 


SYSTEMS 


T is frequently the case that a manufacturer 

decides to undertake the production of a new 
type of sheet-metal product which involves the 
application of an organic finish to provide 
protection and in addition decoration. For the 
purpose of this article it will be assumed that the 
manufacturer concerned has had no previous 
experience of organic finishing. It will further be 
assumed that the manufacturer has decided to 
carry out the actual equipment installation himself, 
despite a limited knowledge of the subject. This 
decision is often prompted by several reasons, 
chief among them being (a) the comparatively 
simple nature of the installation required, (5) 
considerations of initial cost, and (c) the fact that 
an experienced engineering staff are to hand whose 
services can be utilized. 

It will also be assumed that spray application 
methocs are contemplated on the grounds that the 
particular nature of the product precludes the use 
ofalternative methods of application, viz., dipping, 
tumbling, flow and roller coating. 

The estimated production, the type of product 
and the type of finish contemplated are the 
greatest single factors which jointly constitute the 
basis for planning any installation. The type of 
finish is of importance in the respect that a stoving 
finish requires also the necessary equipment for 
the purpose. : 
Types of Finish 
(i) Plain Finishes 

The particular type of finish is dictated to some 
extent by the service environment envisaged for 
the product. The next decisions involved are 
whether a plain or decorative finish is most 
suitable and whether short- or long-term protec- 
tion is required. 

Cellulose finishes which dry virtually by the 
process of solvent evaporation only, offer the 
convenience of rapid air drying to dust-free films 
and have application to a number of sheet-metal 
products. Generally speaking, certain limitations 
are present in respect of (a) the low film thickness 

ited which imposes a restriction on solids’ 
content and pigment loading, (b) the inflammable 


By H. J. TESTRO 


nature of the constituents, and (c) comparatively 
limited durability on exterior exposure. . In 
general, nitro-cellulose formulations are most 
universally applicable to sheet-metal products; 
ethyl cellulose and cellulose acetate are used only 
to a limited extent. 

Nitro-cellulose finishes can be formulated to 
produce acceptable degrees of gloss direct from 
the spray gun or after abrasive polishing, the 
particular type of resin additive largely deter- 
mining these properties. The resin addition 
necessary to impart such features as solids, 
bonding power, stability and gloss may embrace 
natural or synthetic types, the latter including 
alkyds, urea and melamine, etc. 

Considered as a class, synthetic finishes (a 
generic term which embraces a complicated and 
diversified range of materials hardening by 
oxidation and/or polymerization) offer generally 
increased build or film forming properties judged 
on a comparative basis with cellulose. Non- 
yellowing at advanced temperatures, resistance to 
oils and water and attack by acids and alkalis are 
particular features of certain specific types of 
synthetic finishes. 

A particular suitability of air-drying synthetics 
is for large articles which by reasons of their 
dimensions cannot conveniently be stoved, or, for 
products which may suffer some damage on 
heating to the specified stoving temperature. 
Drying times as low as 2 to 4 hours under favour- 
able conditions are offered. Thermo-hardening 
stoving-type finishes offer the usual advantages of 
increased hardness, toughness and abrasion 
resistance, together with the convenience of 
having the product ready for dispatch in the 
shortest possible time. 

For application to either ferrous or non-ferrous 
metals, primers with a definite value in corrosion 
inhibition are available for all the foregoing type 
of finishes: On the subject of primers, mention 

may be made of the etch primer which is usually a 
vinyl butyral resin pigmented with zinc tetra- 
hydoxide chromate and reacted with phosphoric 
acid, and which functions in the dual capacity ofa 
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corrosion inhibitor and adherent base coating for 
all types of finish. Although the adhesion 
properties of this type of primer are good on a 
variety of substrates the greatest benefits are 
probably to be derived on the softer non-ferrous 
metals, e.g. aluminium. 

Primer surfacers of high solids’ content provide 
intermediate coatings of optimum filling proper- 
ties. Their function is to build up metal of a sub- 
standard finish to receive the final finishing coat; 
the level surface is obtained by abrasive flatting. 
In recent years research has been directed towards 
developing smooth-faced primer surfacers which 
require the minimum of flatting. 

(ii) Decorative Finishes 

While they may impart a distinctive appearance 
to the product, decorative finishes normally re- 
quire a higher degree of operator skill. The use of 
decorative finishes may, in some instances, enable 
preparatory work, as for example filler coats, to be 
entirely dispensed with. On the other hand, 
“straight” finishes have lower dust-collecting pro- 
perties than textured decorative finishes. On 
practical and economic grounds the present-day 
choice is usually restricted to three main types as 
follows :— 

Stoving wrinkle finishes, as the name implies, 
produce a textured or corrugated surface of no 
defined formation. The wrinkle finish is of the 
utmost value in hiding metal imperfections and 
surface blemishes. The characteristic effect is pro- 
duced by the disruption of the top skin of the finish 
caused by the movement of the underlying mass 
during the upheating period. Accidental damage 
to a wrinkle coating is usually less apparent than 
would be the case with a smooth continuous 
enamel coating. 

The polychromatic finish, which literally means 
“having many colours,” is based on aluminium 
powders in a suitable medium with the incor- 
poration of a tinting pigment and/or dye to 
produce a semi-metallic iridescent effect. The 
leafing phenomenon associated with flake alumi- 
nium pigments is not desirable in this case as 
complete orientation would tend to obscure the 
colour value of the tinting pigment and/or dye. 
In the polychromatic finish it is, therefore, usual 
to employ a non-leafing type of aluminium powder 
and at a lower pigment content vis-d-vis “straight” 
aluminium finishes. This type of finish may 
embrace air-drying cellulose and synthetics and 
also stoving finishes, and in this connexion quick 
initial set is usually a feature of the formulation 
in order to produce the characteristic effect. 

The hammer finish can be regarded as a develop- 
ment of the polychromatic finish in that it is also 
based on an aluminium-containing formulation. 
The hammer finish produces an indented surface 


to simulate in some degree the effect obtained by 
mechanical hammering of a metal surface 
Although to a lesser extent than wrinkle finishes, 
the hammer finish is also of value in hiding metal 
defects, chiefly due to the illusion of depth afforded, 
Pattern development is often governed by such 
factors as the size and type of spray gun and the 
application pressure employed. This type of 
finish is available in air drying and stoving for. 
mulations, although the latter is more usual. 


Spray Rooms 

The next decision involved is whether a spray 
room or a semi-enclosed spray booth only will be 
required to finish the product in question. One 
deciding factor in this respect is the overall 
dimensions of the product. 

To adequately exhaust the vitiated air and to 
reduce fire hazards a spray room requires ap 
extraction system capable of providing a minimum 
of 60 air changes per hour. It is advisable, in some 
instances, to install at least two fans to obtaina 
more distributive effect and to prevent the exhaust 
stream being directed to one point only—possibly 
over the surface of newly-coated work. The fan(s) 
should be installed at a convenient low point by 
reason of the fact that solvent vapours are heavier 
than air. The siting of the exhaust fan(s) is often 
determined by the construction of the room asit 
is an advantage to utilize an existing outside wall 
if possible. Also, the shortest direct discharge to 
atmosphere should be provided, one reason being 
to minimize the frictional resistance imposed by 
the ducting system. The fan blades should be 
protected by means of stout wire guards or hinged 
self-opening louvres. 

In an enclosed spray room a filtered-fresh-air 
inlet is necessary to replenish the volume of ait 
exhausted by the fan(s). In its most simple form 
this inlet may comprise a fine copper-wire mesh 
screen mounted in a frame and positioned ata 
high level to the work. A more elaborate instal 
lation to combat the deleterious effects of atmos § 
pheric dust settling on the work in progress is 
provided by an electrostatic precipitator unit in 
which ionized dust particles are attracted to a 
series of collector plates. 

At this stage it should be noted that the use of 
low-flash materials, e.g., cellulose, demands certain 
safety precautions. The installation of an exhaust 
fan(s) with certified flameproof motors and blades 
of non-sparking metal is a case in point. Vapout 
proof lighting fittings, concealed wiring and flame 
proof switches are also required. The use of not 
inflammable constructional materials, e.g., asbes 
tos sheeting, brick and breeze block is also 
necessary, and exit doors should be of the outward 
opening type. A memorandum issued by the 
Home Office deals fully with this subject. 
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Spray Booths 

The cross-sectional dimensions of the product 
initially decide the dimensions of the spray booth 
and also whether the booth should incorporate a 
shelf to act as a work-table or whether a full 
opening to ground is required. As regards 
dimensions, a clearance of approximately one foot 
over the largest article contemplated is usually 
adequate. The two principal types of industrial 
spray booths are the water-wash and dry-back 
and may be considered in this order. In either case 
the booth should be sited in a favourable location 
free from strong draughts and opening doors, and 
not subject to contaminated atmospheres as from 
plating shops. The earlier remarks on short 
ducting systems and low flash materials apply in 
equal force. 

(i) Water-wash Booths 

The water-wash booth utilizes the principle of a 
curtain of water falling over the back, or back and 
side screens of the booth, into a tank at the 
bottom of the booth. This curtain of water inter- 
cepts the solid matter in the coating material and, 
as a consequence, only comparatively clean air is 
exhausted to atmosphere, an advantage in certain 
locations. Subsequent to filtration by various 
methods including the use of coke breeze, the 
water in the supply tank is then pumped up to the 
top of the screen(s) for recirculation. A water- 
wash booth compound is necessary and this is 
added to the contents of the water tank to main- 
tain the pH value to a specified figure. Main- 
tenance of a water-wash booth is of minor 
proportions as regards the cleaning of the exhaust 
fan and ducting. Water-wash booths are of a 
specialist character and are manufactured by 
several companies. 

(ii) Dry-back Booths 

It is probably true to state that the conventional 
types of dry-back booth are most applicable if only 
asmall production is involved or, if relatively little 
overspray beyond the confines of the work is likely 
to be incurred. As in the case of the water-wash 
booth construction is of heavy-gauge sheet metal 
with an angle-iron framework in the interests of 
rigidity and to minimize fire hazards. Simple-type 
booths of this nature are often manufactured on 
Site. 

Unless there are special reasons to the contrary 
the exhaust fan is usually mounted in the back of 
the booth at average working height. A multi- 
louvred or distributor plate with removable baffles 
may be mounted directly in front of the fan to 
engure uniform distribution of the exhaust. 
Further derived advantages are that cleaning is 
facilitated and that the exhaust fan operates under 
telatively clean-air conditions. A proprietary fan 
can be purchased, the diameter and speed required 


being determined by reference to the listed free-air 
displacement figures. In this connexion any losses 
incurred by the ducting system should be taken 
into consideration. The fan should provide a 
minimum air velocity of 75 to 100 linear feet per 
minute measured at any point across the face of 
the booth. A variable-speed fan provides a 
measure of adjustment of the extraction rate. It 
should be emphasized that ordinary ventilating 
fans are not suitable for paint-spraying purposes 
in respect of robustness and maximum extraction 
in relation to size, etc. 


Compressors 

Various types of compressors are marketed 
suitable for paint-spraying purposes including air- 
cooled upright single-cylinder/single-stage, two- 
stage V-twins and multi-cylinder piston types. 
Water-cooled piston-type compressors are usually 
larger capacity units than their air-cooled counter- 
parts. The Hydrovane type of compressor may be 
singled out for special mention as in this design no 
pistons and valves, etc., are employed. For factory 
duties electrically powered stationary-type com- 
pressors are generally most suitable. 

The choice of compressor is governed by the 
requirements of the situation including the number 
and type of spray guns contemplated. The air 
capacity of the compressor should be in excess of 
actual demands in order to permit the spray gun(s) 
to operate without a significant pressure drop; 
allowance should also be made for any ancillary 
equipment in the form of pressure-feed containers, 
air tools, etc., and also for any possible future ex- 
tensions. An air receiver is a necessary adjunct and 
this serves the function of storing a volume of 
cooled air and precipitating oil and moisture. The 
receiver size is usually related to the compressor 
output, but, again, should be of adequate capacity 
for the purpose in hand. As a basis for calculation 
a standard-type suction-feed spray gun consumes 
some 7 to 10 cu. ft. per min. at 50 Ib. per sq. in. 

In the case of piston-type compressors it should 
be noted that the air capacity is based not upon the 
piston displacement but upon the volume of air 
delivered at a rated pressure, the latter being a 
slightly lower figure representing the actual output. 
The volumetric efficiency of a compressor is 
defined as the ratio of the air delivered to the 
displacement. 

For intermittent compressed-air demands auto- 
matic-type compressors are particularly suitable. 
This type of compressor is controlled by a stop- 
start pressure switch which restarts the electric 
motor when the pressure in the air receiver falls to 
a pre-set minimum and then builds up the pressure 
in the air receiver to the specified maximum before 
switching off to complete the cycle. 

In the interests of maximum efficiency the com- 
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pressor should be located in a cool dry uncon- 
taminated atmosphere. Free access for mainten- 
ance purposes should also be provided. A certain 
minimum length of service pipe to the spray point 
should be provided for the purpose of permitting 
the compressed air to cool and condense. The 
service pipe layout requires some thought and 
should be of adequate bore to avoid frictional 
resistance which causes a drop in pressure. 
Preferably, the service pipe should be arranged to 
provide a slight fall back into the air receiver in 
order to enable precipitated moisture to drain back 
into the air receiver during shut-down periods. 
Various types of separators and water traps are 
marketed for inclusion in long piping runs and at 
unavoidably low points in the system. 

A filter air transformer at the spraying point 
then allows moisture, oil and dirt to be removed 
prior to spraying. The pressure-regulating device 
provided also enables the operator to select any 
value in atomizing air pressure within the capacity 
of the compressor. The final delivery to the spray 
gun is via a rubber air hose in which condensation 
should be negligible. 


Spray Guns 

Spray guns may be divided into three main types 
viz., Suction, pressure and gravity feed. The first 
two are basically similar except for the method of 
fluid feed and the type of needle/nozzle/air-cap 
combination. 

As may be inferred, the gravity-feed type gun 
has the material container mounted on top of the 
gun body. This type of gun is most applicable 
where relatively small quantities of coating 
material are involved or, frequent colour and/or 
material changes are necessary. Container sizes 
usually range from 8 oz. to | pint in capacity. This 
type of gun is usually preferred by female 
operators. 

The suction-feed type of spray gun has the 
material container mounted underneath the gun 
body and permits a certain increase in container 
size, say, up to one quart. The pressure-feed 
counterpart has a fluid hose supplied via a 
separate pressure-feed container fitted directly to 
the fluid inlet of the gun. 


Pressure-feed Containers 

The pressure-feed container method of supply- 
ing the coating material to the spray gun under 
pressure is highly desirable in the case of larger 
volume production. One reason is that it is 
manifestly uneconomical to constantly replenish a 
small container. The positive force feed system 
also enables a relatively higher viscosity to be used 
at the outset, perhaps, in conjunction with a lower 
atomizing air pressure. Another practical advan- 
tage associated with the use of pressure feed is that 
the spray gun may be used at any desired angle 


without incurring spillage. The mixing of a large 
quantity of coating material for use in a pressure. 
feed container also enables the viscosity to be 
standardized to a greater extent. 

Pressure-feed containers can be fitted with 
either hand- or motor-driven agitators for the pur. 
pose of stirring the contents to obviate pigment 
settlement. Detachable filler caps may also be 
incorporated for the purpose of replenishing the 
container without incurring the necessity for re 
moving the entire head assembly. Detachable 
insert containers are available to facilitate cleaning 
out and colour changing. Standard size pressure 
feed containers range from 2- to 50-gallons 
capacity. 

Hot-Spray Process 

At this stage it is necessary to decide whether 
hot- or cold-spray methods of application are most 
suitable. In the hot-spray process the coating 
material is reduced to application viscosity by 
means of heat, thus obviating the use of solvents 
which lower the solids’ content or percentage of 
actual film-forming constituent. As a consequence 
of the increased build a coating may be laid down 
which is approximately equivalent in thickness to 
that of two normal cold-sprayed coatings. Other 
incidental benefits are the reduction in labour costs 
in the case of multi-coat work and the absence 
of low-boiling-point solvents which contribute 
largely towards spray, dust and fog, 

Several types of hot-spray equipment are com- 
mercially available, differing chiefly in the method 
of heating. In general, they embody the principle 
of a heated coil through which only a relatively 
small quantity of coating material passes under 
pressure. According to type, recirculation of 
material may, or may not, be employed, but the 
thermostatic control of temperature to a desired 
value is a common feature. For continuous pro- 
duction a pressure-feed container is a necessary 
adjunct to the hot-spray process. Although 
special air caps may be involved the spray guns are § 
basically standard pressure-feed types. 

The hot-spray process is applicable to clear and 
pigmented cellulose and synthetic finishes, the 
latter as both air-drying and stoving finishes. The 
greatest benefits are to be derived from the use of 
non- or relatively low-pigmented materials, e.g. 
finishing coats as the liquid constituent is most 
affected by upheating. To obtain the utmost 
economic advantage from the hot-spray. process 
it follows that a fairly continuous production 
involving the same type of coating material is 


desirable. 
Automatic Spraying 
For continuity in reproduction automatic 
methods of spraying may be applicable in the cas¢ 
of articles of simple and symmetrical shape 
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Automatic spraying is employed in conjunction 
with bulk material supply methods and conveyor 
feed and the proviso is that the throughput of 
work is adequate. 

In one instance the work can be arranged to 
rotate in the spray-booth interior within the 
compass of the guns which are in a’fixed position 
relative to the work. A typical procedure suitable 
for spraying broad planetary surfaces is to employ 
transverse Moving or reciprocating guns positioned 
at right-angles to the work surface. The spray 
guns are specially designed versions of orthodox 
type guns, the most noticeable point of difference 
is the air actuated plunger in place of the usual 
trigger control. The guns can be operated by 
means of a remote control air operated mechanism. 

The rate of material flow which is usually 
somewhat critical is predetermined by the 
adjustment of the needle valve thrust screw pro- 
vided at the rear of the gun body. In the absence 
of the human element strict control of the major 
variables (pressures, etc.) influencing results is 
necessary in the interests of consistent repro- 
duction as regards coating the work evenly to a 
prescribed thickness. 


Stoving Equipment 

Industrial equipment for stoving finishes may be 
arbitrarily classified as either of the convection or 
radiant-heat type, with a sub-division into batch- 
and conveyor-type ovens. In all cases gas or 
electricity is the usual heating media. Before 
describing in outline the types of equipment 
available, together with their particular suitability, 
it may serve a useful purpose to deal briefly with 
the theofetical aspects involved. 

The stoving of an article can be accomplished by 
utilizing one or more of the following principles of 
heat transfer, viz., conduction, convection and 
radiation. If heat transfer is passed from a high- 
temperature body to a cooler body by physical 
contact, in other words, through the solid mass, 
the rise in temperature of the cooler body is 
affected by conduction. If the two bodies are out 
of contact and the heat energy is first absorbed by 
the intervening air the transfer of heat by this 
hot-air medium is known as natural convection or, 
as forced convection if the air motion is directly 
assisted by fans or other~ mechanical means. 
Radiation (infra-red) is the term applied when the 
bodies are out of contact and heat energy is 
emitted from a high-temperature source in the 
form of energy waves. The rays are only con- 
verted into sensible heat when partly absorbed 
by an adjacent object, i.e., the cooler body in their 
direct path. 

(i) Convection Ovens 

Convection ovens manufactured for stoving 

organic finishes include double- and treble-cased 


box ovens, so called from their box-like shape. 
This type of oven is most suitable for small batch 
production which can be loaded on to or sus- 
pended from bars in the oven interior. As an 
alternative form of loading the work can be 
placed on trolleys and the entire trolley pushed 
into the oven. In this case the floor of the oven is 
usually at the floor level of the room and, to 
facilitate this form of loading and unloading, 
rear Opening oven doors can also be provided. 
Box ovens are manufactured in various standard 
sizes ranging from approximately 2 ft. to 6 ft. 
cube. 

The double-cased oven is directly fired by 
reason of the fact that the heating gear is placed 
directly inside the working space. One version of 
the treble-cased oven has a separate heating 
chamber at the bottom of the oven and the heating 
space is therefore between the inner and intermedi- 
ate steel casings. Treble-cased ovens are also 
manufactured using a seperate heating chamber 
external to the oven, the air is heated and mechani- 
cally circulated through the oven proper before 
returning to the heating chamber. In the case of 
gas heating, one feature of the treble-cased oven, 
in contrast to the direct-fired oven, is that the 
products of combustion are excluded from the 
working space; this fact constitutes an advantage 
where pastel shades or certain critical types of 
finish are concerned to avoid discoloration or 
gas checking defects respectively. In the case of 
the forced-air circulated type of oven variations in 
internal temperature are reduced to the minimum. 
The double-cased oven, although more subject to 
internal temperature differences, has a very high 
rate of thermal efficiency. 

For larger volume production the mechanized 
conveyor oven offers many advantages not the 
least of which is the uniformity in the standard of 
stoving finish obtained. Almost without exception 
these are of the forced-air circulation type with a 
separate heating chamber located in close prox- 
imity to the oven. Some types utilize the principle 
of circulating the air at high velocity. 

The A type, or camel back oven as it is other- 
wise known, has down sloping canopy ends at an 
angle of approximately 45 deg. to the main body 
of the oven to reduce heat losses at both ends to 
the minimum. Despite the actual dimensions this 
type of oven is conservative of floor space in that 
the distance from the loading and unloading ends 
is not greatly in excess of the length of the peak 
heat section. While a monorail conveyor may be 
fitted to pass straight through or return back 
through the oven, the usual loading arrangement 
is by means of a cross-bar conveyor which 
permits dense loading of work. 

The straight-through convection oven can be 
most simply described as an elongated box oven 
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through which the work passes in a horizontal 
plane. Conservation of heat in the absence of 
doors is effected by air-curtain heat seals in which 
hot air is discharged under pressure from slots in 
the opposite vertical ductings interior to the oven 
at both loading and unloading ends; the hot air 
emanating meets centrally and effectively prevents 
the escape of oven heat. The loading arrange- 
ment may be from monorail or cross-bar conveyor 
as before, and, in addition, some form of floor 
level conveyor or trolley-loading system is 
possible. This type of oven is most applicable to 
large-size objects or if free floor space is not at a 
premium. 

Electrically heated versions of all the foregoing 
types of ovens are available. As in the case of gas- 
fired ovens, the heating elements may be placed 
directly in the oven interior or contained in a 
separate heating chamber. Another common 
feature is that exact adjustment and automatic 
control of temperature may be effected by means 
of a thermostat control. A feature of the elec- 
trically heated oven is that clean heat conditions 
are ensured by the absence of gas combustion 
products. 

(ii) Radiant-heat Ovens 

One design of gas infra-red oven is in the form 
of an open-ended cylindrical tunnel comprising 
two identical semi-circular facing segments. A 
longitudinal gap at the top allows the passage of 
the workholder and also permits the escape of 
solvent vapours. The combustion chamber which 
incorporates the bar burners is behind the 
radiating panels and insulated from the exterior 
casing by lagging. These units are available in 
diameters of 2 ft., 3 ft. and 4 ft., the standard 
length being 3 ft. in each case. The temperature of 
the radiating panel is in the region of 650° F. Any 
number of these units can, if desired, be coupled 
together to form a tunnel of any multiple length 
according to the speed of production and the 
length of stoving time required. 

The alternative, and perhaps more universally 
applicable gas infra-red unit comprises a number 
of flat black emitter panels which can be built into 
enclosed batch or tunnel ovens to any desired 
profile, or length. This type of panel permits 
great flexibility in oven design in that the panels 
can be arranged to any particular profile to con- 
form to the work. For general purposes a hexagon 
profile is usually most suitable. The panels which 
are heated by means of the impingement of neat 
gas flames are insulated at the back. The spaces 
between the panels may be filled with polished 
aluminium sheeting to redirect any stray radiation 
back on to the work in progress. For closely 
packed units wall temperatures in the region of 
900°F. are claimed. 

Earlier types of electric infra-red ovens utilized 


first separate lamps and reflectors and, later, 
internal reflector lamps. Another developmen 
introduces a sheathed wire element which js 
mounted in a reflector unit designed to ensure 
even distribution to complex shapes. This 
reflector unit can also be built into any type of 
oven for batch or conveyorized working. 

It should be noted that, in practice, the effects of 
the three forms of heating are inseparable. A per. 
centage of radiation occurs in treble-cased ovensin 
which the interior oven lining stands at a high 
temperature. A proportion of the heat transfer in 
radiant-heat ovens is by convection, partly due to 
the gain in heat by the object providing a measure 
of convective heat. It is this feature, plus the effects 
of conduction through the metal which enables 
articles incorporating recesses, etc., to be success. 
fully stoved in radiant-heat ovens, despite the fact 
that some surfaces of the articles are “shadowed” 
and not subject to direct radiation. 

The choice of oven as regards convection or 
radiant heat is dictated by many factors. It is not 
possible to make a general assertion based on the 
vague conception of an average case. 

If a short time at a higher temperature can be 
substituted for a longer period at a lower tem: 
perature then radiant heat may offer tremendous 
advantages, particularly if the workpieces are of 
the same size, shape and heat capacity. The most 
spectacular reductions in processing times are to 
be obtained from the use of heat transformable 
polymerizing types of synthetics formulated for the 
purpose. Owing to the rapid heating rates, stoving 
times are generally more critical with radiant-heat 
ovens and precise timing is often required; this 
timing is, however, easily effected in conveyor type 
ovens., The temperature attained by the article is 
one determining factor in radiant-heat stoving. In 
practice, this temperature can be measured § 
initially by means of a thermo-couple and estab- 
lished _in relationship to the oven panel tem- 
perature as shown by a panel temperature | 
indicator. 

On the other hand, if the workpieces are highly 
diversified as to size, mass and specific heat then 
the convection system may be more suitable for the 
purpose of stoving this mixed load. As regards 
throughput, the speed of the radiant-heat process 
may even be offset by the increased load factor of 
the cross-bar type conveyor oven despite a slower 
conveyor speed. The classic example in this respect 
is probably furnished in the stoving of sheet which 
can be packed as closely as, say, 10 per forward 
foot and which in a radiant-heat oven may need to 
proceed in single file. On account of the more 
gradual heat rise in convection ovens a greater 
margin of safety is usually offered in the event of a 
miscalculation as regards oven stoving times and 
temperatures. (continued in page 76) 





metal finishing journal 71 





An Experiment on the Efiect of Type of 
Steel and Aluminium Content of the 
Bath on the 


WEIGHT OF GALVANIZED 
COATINGS 


By N. B. RUTHERFORD,” B.Sc., A.1.M. 


(A Communication from the British Non-Ferrous 
Metals Research Association). 


Introduction 


HERE is plenty of published evidence to show 
Titat the type of steelsurface condition and 
composition—has a marked effect on the amount 
of zinc picked up during hot-dip galvanizing in 
baths without aluminium additions. Thus, rough 
surfaced steel carries a thicker coating than 
smoother unworked steel(! 4); cold-worked steel is 
attacked more readily than annealed material(':5), 
the coating is heavier on coarse than on fine- 
grained steel(5), and carbon, silicon, manganese 
and other alloying elements are reported to affect 
the reaction between the steel and the zinc in 
varying amounts and senses by different workers 
(1,5,6-17) presumably because of differences in 
experimental conditions(!!). 

The only work on the effect of type of steel for 
baths containing aluminium seems to be that 
reported by Piinge('8) and Bablik, Gétzl and ALUMINIUM CONTENT (%) 
Kukaczka(!9). The former investigator examined Fig. 1.—Effect of aluminium content of galvaniz- 
the effect of the carbon content of steel sheet ing bath and immersion time on coating weight on 
galvanized in a bath with a small addition of different: seals 
aluminium and found the carbon to have no 
effect, whether the sheet was sand-blasted, 
annealed or normalized before galvanizing. The Fig. 2.—Effect on coating weight of type of steel 
latter investigators showed that the surface and aluminium content of galvanizing bath 
preparation affects both the zinc pick-up and the 
iron loss of low-carbon steel strip galvanized in a 
bath containing aluminium. 

The present experiment, which was made 
during the course of other work of the Association 
for the galvanizing industry, is of interest since 
it shows the marked effect that the type of steel 
can have in determining the value of aluminium 
additions as a means of controlling coating weight. 
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Experimental Details 
Specimens 5 in. square of 22-s.w.g. bright- 
annealed sheet, and specimens 6 in. long of hot- 
rolled window section (thickness 4 in.) were 
hot-dip galvanized in a bath composed of high- 
purity zinc (99.99-+-per cent) saturated with high- 
purity lead (99.99-++-per cent) and iron from the 
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Fig. 3.—Typical specimen graded B 
(full size) 


pot, to which the required 
amounts of aluminium (99.7 
+per cent) were added. The 
percentage compositions of 
the steels were: 

C Si Mn Cu 
sheet 0.09 <0.05 0.30 <0.10 
section 0.21 0.050.36 0.20 
The pot measured 10 x 34 
x 12 in. deep and held about 
1 cwt. of metal. It was 
electrically heated and ther- 
mostatically controlled via an 
immersed thermocouple at 
450+5° C. throughout the 
experiments. 

Specimens were first de- 
greased in a small commercial- 
type trichlorethylene de- 
greaser and then pickled for 


20 min. Half the specimens 
of each type of steel wer 
pickled in 18 per cent w/w 
cold hydrochloric acid and 
half in 18 per cent w/w suk 
phuric acid maintained at 
70+5° C. To each acid the 
recommended amount of 
appropriate commercial 
inhibitor was added. The 
pickled specimens were rinsed. 
under a strong stream of 
cold water for 30 sec. and 
then transferred for 30 sec. 
to a zinc-chloride preflux 
(730 gm. per litre) held at 
70+5°C. The fluxed speci 
mens were dried in a gas-fired 
oven at 110-120° C., it being 
necessary .to leave the sheet 
in for 10 min. and the section 


Fig. 4.—Typical specimen graded € 
(full size) 
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TABLE I. 
* Effect of Aluminium Content of Bath, Type of Steel, Pickling Conditions and Immersion Time on Coating Weight. 








Coating weight (oz. per sq. ft. of surface) 





Aluminium : 
Content Section 


HCI pickle | H2S0O, pickle 
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per cent *e* 
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0.85 
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0.20 0.61 . 1.32 
0.54 } } . } 1.19 
| | i | } 
*** Spectrographic analyses of samples ladled from top of bath at finish of galvanizing at each aluminium content. 


** Time of immersion in galvanizing bath at 450° C. (min.). 
* Flux at 80° C., bath at 470°C. 
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for 15 min. Specimens were immersed in and dipped for 4 min. at temperature with each 

withdrawn from the zinc by hand at about aluminium content and four for 1 min. at tem- 

2ft. per min. Five aluminium contents were used, perature; a preliminary experiment with thermo- 

covering the range nil to 0.2 per cent. Four couples welded to the specimens had shown that 

specimens of each steel (2 from each pickle) were the sheet reached bath temperature in 2 sec. and 
the section in 6 sec. 

Another preliminary experi- 
ment showed that the loss in 
weight of the sheet during 
pickling (0.01-0.02 gm.) was 
negligible compared with the 
gain in weight from galvaniz- 
ing (about 10 gm.). The 
weights of galvanized coatings 
were therefore determined 
from the weights of the sheet 
specimens before pickling and 
after galvanizing. The speci- 
mens of section lost 1.7-1.8 
gm. during pickling and 
gained about 6 gm. from gal- 
vanizing. These were therefore 
weighed after pickling and 
after galvanizing. 


Results 


It is well known in the 
galvanizing industry that it is 
difficult to produce contin- 
uous coatings in baths with 
high aluminium contents. 
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Fig. 5.—Typical specimen graded D 
(full size) 
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Fig. 6.—Typical specimen graded E 
( full size) 


With the above experimental 
conditions, uncoated spots 
became general on the speci- 
mens of section when 0.1 per 
cent or more aluminium was 
present and on the sheet when 
0.2 per cent aluminium was 
present. Further details are 
given in the Appendix. 

The results of the coating 

weight determinations are 
given in Table I and Fig. 1. 
In these, no allowances for 
uncoated areas are made since 
calculations for one or two of 
the specimens with the great- 
est uncoated areas showed 
these made less than 5 per 
cent difference to the figures 
for coating weight, which 
themselves were only repro- 
ducible to the order of 10 per 
cent (see Table I). 

The figures show a down- 
ward trend for the sheet as 
the aluminium content increases, and a marked 
fall for the section, whether pickled in 
hydrochloric or sulphuric acid. The latter acid 
produced a rougher surface on the specimens 
before they were galvanized, and this gave a 
heavier coating, on the average some 20 per cent 
above that with the hydrochloric acid, 

The results are represented in Fig. 1, neglecting 
this difference. The marked effect of aluminium 
on the coating weight on the section is very 
evident in this figure: 0.030 per cent caused a 
25 per cent reduction for a $-min. immersion and 
a 40 per cent reduction for a 10 min. immersion; 
at 0.1 per cent aluminium the reductions were 
respectively 40 per cent and 52 per cent. For the 
bright annealed sheet the effect of 0.1 per cent 
aluminium was to reduce the coating weight by 
15 per cent for a 4-min. immersion and 23 per cent 
for a 1-min. immersion. 

The effect of immersion time on the coating 
weight produced by baths free from. aluminium 
was much less for the sheet than for the section. 
Aluminium had a marked effect in reducing this 
difference on the section but no_ generally 
significant effect on the sheet. 

In Fig. 2, average results from the present work 
for the-effect-of aluminium on coating weight are 
compared with the results obtained by other 
workers using different steels but similar galvaniz- 


ing conditions. 

No general trend is evident from this figure and 
it is clear that, though the aluminium content of 
the bath is a factor of importance, other factors, 
including the type of steel being treated, the 
cleaning conditions and the immersion conditions, 
have marked effects on the coating weights 
produced by hot-dip galvanizing. 
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Weight of Galvanized Coatings: Appendix 
Appearance of Uncoated Spots on Different Steels Galvanized in Baths Containing Aluminium. 


The specimens refe to in the 
A. No uncoated spots 
B. One or two very small uncoated spots 


E. Very numerous and/or large uncoated spots. 


paper were examined visually after galvanizing and graded in the following way. 
Acceptable 


C. One or two medium size (1-3 mm.) or numerous small uncoated spots 
D. Fairly numerous (5-15) medium to large (1-10 mm.) uncoated spots. 


Not Acceptable 


Typical specimens (4 in. sq.) for each of the last four gradings are illustrated in Figs. 3-6. 


The results of the examination are given in Table II. 


TABLE Il. 
Effect of Aluminium Content of Bath, Type of Steel, Pickling Conditions, and Immersion Time on the Appearance of 
Uncoated Spots. 
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*** Spectrographic analyses of samples ladled from top of bath at finish of galvanizing at each aluminium content. 
** Time of immersion in galvanizing bath at 450° C. (min.). 
* Flux at 80° C., bath at 470° C, 





Corrosion Conference 
(continued from page 61) 


Professor W. Machu (Cairo) discussed the 
present position of phosphating of iron and non- 
ferrous metals. Very thin phosphate layers are 
obtained with sodium-phosphate or ammonium- 
phosphate solutions. The phosphate layer was 
found to have a total porosity of 0.3 per cent. and 
therefore the additional use of oils, lacquers and 
paints is advisable. The phosphate coating is not 
only used as a prevention for corrosion but for 
lubrication purposes. The phosphating process 
was described in detail. 

Cathodic protection was discussed by J. 
lliovici (Paris) and Dr. W. Rausch (Frankfurt am 
Main). The use of zinc or magnesium anodes was 
more economical and more easily maintained 
than the use of a foreign current supply. Dr. 
Rausch gave a number of examples of cathodic 
protection of buried oil pipelines. and vessels 
containing alkaline salt solutions or water, and 
J. Tliovici discussed the different methods of 
cathodic protection, as for example, the use of 


eddy currents for the protection of rails. 

Problems of corrosion during the transport of 
goods were dealt with by Professor G. Schikorr 
(Stuttgart). This is often due to unfavourable 
external conditions such as moisture in the air, 
sulphur oxide fumes and salt spray. If the sur- 
rounding atmosphere during storage is kept fairly 
dry and at an even temperature corrosion can be 
prevented almost entirely. But it is advisable to 
give the articles a temporary protective coating, 
which might contain a hydrocarbon with an 
inhibitor, or be an acetate material. In the last 
paper. presented at the conference the use of 
plastic as a protective coating is discussed by Dr. 
R. R6hm (Wuppertal-Nachstebreck, Germany). 
The trouble of adhesion seems to have been solved 
by the new pressure-sensitive adhesive-tapes based 
on the P.V.C. method but pure polythene was also 
found to be successful. Plastic tapes are now 
used to a large extent in Germany. Dr. Réhm 
described the constitution, properties and applic- 
ability of these tapes in detail and pointed out 
their advantages when used for buried pipes and 
cables. 
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Electric Furnaces 
(continued from page 63) 


Fig. 3.—Typical continuous electric 
enamel firing furnace. 





This particular installation is 
roughly U-shaped, with one 
leg, on the charging side, con- 
siderably longer than the other. 
By utilizing this design, heat 
losses from “tunnel effect” 
which would otherwise result 
from a straight-line unit, are 
reduced to a minimum. In 
addition, the unit has been 
fitted with the G.W.B. 
““Controvec”’ system which provides a curtain of 
air across the charge and discharge openings. 
Travelling in the direction of the charge the first 
portion of the installation comprises the drying 
section, which is heated by means of hot air drawn 
off from the final cooling section, then the high- 
temperature furnace and lastly the cooling cham- 
ber. The furnace section itself, where the charge 
is fused, is rated at 180 kW., this being split into 
four independent zones for temperature-control 
purposes. As mentioned previously, output figures 
can be misleading unless details are known of the 
articles to be dried and enamelled. With this 
continuous unit an output of 1,130 lb. per hour 
has been obtained with a current consumption of 
160 kW.-hr., this being equivalent to 7.1 Ib. per 
kW.-hr. On another occasion the same instal- 
lation gave an output of 667 lb. of ware per hour 
while the electricity consumption in this case 
was 110 kW.; this approximates to 6.1 lb. per 
kW.-hr. Working with charge material fabricated 
from steel sheet averaging 18 s.w.g. the average 
through-put is roughly 900 Ib. per hour. 


The above output figures refer solely to the ware 
being processed and do not include for the charge 
carriers. The design of work carriers, is, as ever, 
an important factor and in this instance the 
average weight of the carriers is considerably 
higher than the ware. New carriers being 
designed will, it is hoped, reduce this ratio to 
0.5:1. The conveyor comprises a rolled steel 
channel track from which is suspended a Renold 
chain with hollow bearing through which the 
charge carriers are attached at 3-ft. intervals, 
Varying speeds may be obtained by a variable 
speed gear-box, the usual rate of movement being 
6 ft. per minute. This flexibility is necessitated 
by the differing drying and fusing times which 
vary from 10 to 40 minutes and 2 to 8 minutes 
respectively and average 25 and 5 minutes. 

The author expresses his thanks to Thomas De 
La Rue Gas Development Company Ltd. and 
G.W.B. Furnaces Ltd. for permission to use the 
photographs and for the information contained 
in the above article. 





Paint Spray Finishing Systems 
(continued from page 70) 
Conveyor Systems 

For volume production conveyor systems 
correctly designed and installed offer many 
advantages in respect of maximum throughput 
and reducing manual handling to a minimum. 

An overhead conveyor may be passed through 
the sides of a spray booth or travel before the 
spraying station and, as indicated, may be linked 
up directly with radiant-heat and convection 
stoves. In this case the siting of the oven relative 
to the spraying point is determined by the mini- 
mum length of time necessary for the escape of 
certain low-boiling-point solvents prior to stoving 
to obviate “pinholing” and other defects in the 
applied film. A variable-speed conveyor enables 
complete correlation to be established between the 
spraying and stoving operations. 

A reservation in respect of a common conveyor 
for both spraying and stoving operations must, 


however, be made in the case of the cross-bar type 
conveyor. When this type of oven conveyor is 
used through a convection oven the usual practice 
is to provide an independent monorail conveyor 
for spraying purposes and to offload and reload on 
to the cross-bar type conveyor at the oven entry. 
For heavier work sprocket-driven chain-link/ 
roller-type conveyors are marketed which may be 
supported at intervals from an overhead beam and 
incorporate workholders to accommodate the pro- 
duct. To facilitate the spraying operation rotating 
type workholders may be fitted for either manual, 
friction or positive chain and sprocket rotation 
adjacent to the operator. Multi-directional con- 
veyor chains permit great flexibility in lay-out in 
that the conveyor can proceed in both horizontal 
and vertical planes. For somewhat lighter duties 
helically wound cable-type conveyors are avail- 
able. This type of conveyor can also proceed in 
any specified direction, the drive in this case is by 
means of a motor-driven worm-type wheel. 
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A Students Guide to Examination Courses 
in Metal Finishing 





Compiled by A. ALEXANDER 





Lack of success in passing examinations arises almost as frequently from failure 


to apply knowledge properly as from failure to acquire knowledge. 


This series 


of articles is intended to assist actual and intending entrants for the City and 
Guilds Certificate Examinations in Metal Finishing. 


HERE are two courses in Metal Finishing: 

(a) The Operator’s Course intended for those 
working actually in the plating shop and con- 
sisting of two years of study followed by an 
examination, and (b) The Full Certificate Course 
for those taking charge, consisting of five years 
of study with an intermediate examination after 
three years and a final after a further two. 

These courses cover both the theory and 
practice of metal finishing and it is also desirable 
that the candidate for the final course shall obtain 
further instruction on technical electricity and 
machine drawing. It is hoped that many of those 
who start by taking the Operator’s Course may 
decide to continue and take the Full Certificate 
Course in due time. 

a Operator’s Course 

The intention of this course is to teach the man 
on the floor of the plating shop a little about the 
theory of what he is doing, and also to give him a 
certain amount of instruction on the methods of 
working out times of deposition, make-up of vats, 
and other matters which he may be called upon 
to do in the course of his employment, but on 
which he will obtain little instruction in the 
plating shop itself. 

It may be well to consider in this connexion the 
various things that an operator should know in 
order satisfactorily to perform. his duties. These 
may well be listed as follows:— 

(1)A knowledge of elementary chemistry 

including chemical formule and equations; 

(2) An elementary knowledge of the structure 
of metals; ‘ 

(3) An elementary knowledge of the mechanism 
of electro-deposition ; 

(4)A knowledge of simple direct-current 
electrical circuits and of electrical units; 

(5) A general knowledge of plating plant and 
the materials of construction, particularly in 
connexion with the solutions used; 

(6) The correct methods of cleaning and 
preparing for plating the various different 
metals with which he may have to deal; 


(7) How to work out the amount of chemicals 
required to make up vats of known size to 
various compositions, and also how to work 
out the required times and currents to 
obtain deposits of the desired thickness; 

(8) A general knowledge of the various processes 
which may be used in metal finishing; 

(9) Methods of diagnosing the causes of the 
various troubles experienced in the plating 
shop. 

It is proposed to deal shortly with the various 

points raised above. 

(1) Elementary Chemistry 

Since electro-plating is a form of practical 

chemistry, it is very desirable that those engaged 
in this industry should at least have some know- 
ledge of the structure of matter generally and of 
chemical formule. It is generally assumed that 
the plating-shop operator who is keen enough on 
his job to seek instruction will, besides taking the 
operatives’ course in electro-plating, take a course 
in elementary chemistry unless he has previously 
done such a course at school. In such a course he 
will learn that matter is composed of atoms, small 
particles of the various elements which go to make 
up the substances he is using, and he will learn the 
method of expressing the composition of these 
substances by means of chemical symbols. He 
should know the symbols for the common 
elements concerned with his subject, and should 
also understand how to write the formule for such 
substances as nickel and copper sulphate, sodium 
cyanide and the like, and how to express the 
reactions between these substances by means of 
equations. It is not necessary for him to learn a 
great deal about the properties of some of the less 
common elements or compounds and normally a 
boy who has been through a school course in 
chemistry will have sufficient knowledge to enable 
him to cope with his job and the examination in 
question. It is not proposed to deal with this 
matter further here, but those who are considering 
taking the operatives’ course must be prepared if 
they have not taken a course in chemistry either 








78 metal finishing journal 


february, 1955 





to take one at the local technical institute, or to 
read an elementary chemistry text book. In the 
latter case, they are particularly advised to pay 
attention to those chapters dealing with the points 
mentioned above, and if they are in any doubt on 
this subject, to seek help from a qualified chemist. 
(2) Structure of Metals 

It is not necessary for an operator to be familiar 
with the nature of atomic lattices; in fact, it is not 
desirable at this stage for a student to concern 
himself with these matters, the knowledge of which 
is not even necessary to take the Final examination. 
However, the student should have some general 
idea of the nature of metals and the relation of 
their crystal structure to their properties and since 
this knowledge may be somewhat difficult for him 
to get unless he is prepared to take a full metal- 
lurgical course, which is normally unnecessary, 
it is proposed to deal with the matter at some 
length here. 

Metals consist of a number of crystals inter- 
locked together. The student may think of a 
crystal as being of regular shape as for instance, a 
crystal of washing soda. He may, therefore, be 
somewhat surprised to be told that a metal is 
built up of such crystals. In point of fact, however, 
a crystal is characterized by having its atoms 
arranged in regular rows. In a gas the atoms of 
the elements of which it is composed are combined 
into molecules, small particles of matter which are 
free to move in all directions. In a liquid, the 
general arrangements are very similar, except that 
the molecules of the liquid are usually closer 
together and their movement is somewhat 
limited, so that they can slide over one another but 
do not move about in all directions as they do in a 
gas. In a normal solid the molecules are no 
longer free to move in relation to one another, 
but merely to vibrate somewhat according to the 
temperature of the material. 

In the case of a metal, the atoms are not present 
in the form of molecules but are arranged in rows, 
which form regular planes. In such cases the sub- 
stance is said to be crystalline. In a single crystal, 
it is quite possible that its shape may be a function 
of the arrangements of the atoms in it. In the case 
of a metal, however, this is made up of a large 
number of crystals, and these crystals are not 
arranged in any particular way with regard to one 
another. The outside boundary of the crystal, 
also, is not normally any particular shape, though 
in some cases due to the method of formation or 
working, the crystals may assume a general 
orientation. 

It must be remembered, therefore, that the 
metal consists of a large number of these crystals. 
When the metal is bent or distorted, the atoms in 
the various crystals slip over one another along 
the planes in which they are arranged. It will, 


therefore, be fairly obvious that in a piece of 
which consists of one crystal only, and such single 
crystals can be formed in special circumstances, 
the metal will be fairly easily distorted, that is t 
say, it will be soft and malleable. If, however, you 
have a large number of small crystals arranged ig 
a heterogeneous manner, it will be much mor 
difficult to bend it because it will only slip 

the planes of the crystals and these will be a 
various angles to one another. Thus a piece of 
metal which is composed of a number of fine 
crystals will normally be harder and less ductile 
than a piece of the same metal composed of larger 
crystals. ° 

If a piece of metal is hammered this treatment 
tends to break up the crystals, therefore makingit 
harder. If the metal is then heated followed by 
slow cooling, it is found that the crystals tend to 
grow, the larger crystals absorbing the smaller 
ones and thus producing a softer metal. This is 
generally true of pure metals but in the case of 
certain alloys (for example steel, which is an alloy 
of iron and carbon), other factors are involved 
which may alter the case. This, however, is not of 
importance to the electro-depositor as he is 
normally dealing with pure metals or one or two 
simple alloys. 

When a metal is electrodeposited the atoms of 
the metal are discharged at the cathode face. 
These atoms take up their position on this face in 
regular rows, thus forming crystals. These crystals 
will tend to grow for a certain time, but when they 
reach a given size it may happen that it is easier 
for the atom to start a new crystal than to take up 
position in the old one. Whether or not it will do 
this will depend on the conditions of deposition, 
and normally, if the metal is being deposited 


Fig. 1.—Structure of cast metal 
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Fig. 2.—Structure of electrodeposited metal 


slowly, the existing crystal will tend to grow, 
whereas when it is being deposited quickly, new 
crystals will tend to form. Thus if the current 
density of a vat is raised a finer crystalline deposit, 
which will also be harder, is obtained. There are, 
however, many other factors which also affect this. 

It is desirable for the student to comprehend the 
general nature and structure of metals as set out 
above and also to have some idea of what the 
metal looks like when examined under a micro- 
scope. Fig. 1 shows the normal structure of a cast 
metal. The surface of the metal has been polished 
and slightly etched to show the crystal structure 
and the shape of the crystals can be seen. Fig. 2 
shows the normal structure of an electrodeposited 
metal, and in this case it will be seen that the 
crystals are elongated in the direction of growth. 
This structure is characteristic of an electrodeposit, 
although the size of the crystals involved may vary 
very considerably, thus Fig. 3 shows a relatively 
hard deposit, and it will be seen that the crystals 
in this case are very much finer. 

Metals crystallize in various different systems, 
the distance between atoms and the angle between 
the planes of atoms being fixed, but it is quite 
unnecessary for the student to concern himself 
with these. It is sufficient if he understands the 
general nature of the structure of the metal, and 
the fact that the size of the crystal, which in the 
case of electrodeposits can be controlled by the 
conditions of deposition, will effect the properties 
of the metal in question. This much will enable 
him to understand the many effects he obtains 
while operating the plating vat. 

It should be remembered that crystals of metal 


may be formed by solidification from the molten 
material, or even in some cases by condensation 
from a gas. The structure of such crystals is 
generally somewhat different from those obtained 
by electrodeposition, which as stated above is 
quite characteristic. The structure may, however, 
be modified by mechanical working for example, 
rolling, which tends to break down the crystals 
and push them into long streaks, or by heating to 
a sufficiently high temperature for the metal to 
recrystallize. 

In certain cases alloys can be deposited, for 
example, brass, bronze, tin-zinc, etc. Generally 
these alloys will consist of crystals of the alloy 
itself and not separate crystals of the two metals. 
The crystal structure is generally finer, because 
with the two metals depositing together, there is” 
some tendency for them to start new crystals, 
rather than to continue with the old ones. 

The student should take every opportunity of 
examining the etched structure of metals, but it 
should be remembered that when surfaces are 
turned, or polished by means of a mop on an 
ordinary polishing head, the surface of the metal 
is often flowed, so that the true crystal structure of 
the metal concerned is not obtained. The crystal 
structure, however, will be apparent when an 
appreciable amount of the metal has been dis- 
solved away from the surface and may often be 
seen on metals which have been pickled, or on 
anodes. The structure can also often be seen on a 
fracture and every opportunity should be taken 
of examining these, preferably with the aid of a 


Fig. 3.—Structure of hard electrodeposit 
Note fine crystal size 
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low-power lens and comparing the structures of 

the metals. 

(3) Elementary knowledge of the mechanism of 
electrodeposition 

Electrodeposition is carried out by passing a 
direct electric current through a solution of metal 

salt. The system is very simple, consisting of a vat 
or container in which the solution is placed, an 
electrode, or piece of metal by which the current 
enters the solution, called the anode, and the 
article on which the deposit is to be made, and 
by which the current leaves the solution, called the 
cathode. (Note.—The direction of the current is 
taken in the conventional manner that is to say, 
as flowing from the anode to the cathode. It is, 
of course, true that the stream of electrons of 
which the current is composed flows in the 
opposite direction.) 

This principle may be illustrated by considering 
the case of the deposition of nickel on to a piece of 
steel. In this case the nickel salt, usually nickel 
sulphate, is dissolved in water. When this is done 
the salt dissociates producing a charged atom of 
nickel called a nickel ion, and a charged group of 
atoms consisting of the sulphate radical—sulphur 
and oxygen. These two ions bear opposite charges, 
the nickel bearing a positive charge and the 
sulphate radical a negative charge. When the 
current is switched on, the positive charged nickel 
ion will move towards the cathode, that is the 
piece of steel to be plated, while the negatively 
charged sulphate ion will move towards the anode, 
normally a piece of nickel metal hung in the 
solution. On reaching the cathode, the nickel ion 
will lose its charge and become a nickel atom and 
will then take up its position on the cathode face. 
The sulphate ion will also lose its charge when it 
reaches the anode, and in this case it will react 
with the nickel of which the anode is composed to 
reform a molecule of nickel sulphate. In chemical 
language this is usually written as follows:— 

NiSO, = Nit++ + SO,- 

Cathode Nit+ — 2 6 > Ni 

Anode SO, + 2 6 + Ni > NiSO, 

© = + charge. 

It is, of course, a very much simplified descrip- 
tion of the process concerned, but it is one which 
the student should clearly understand before 
proceeding to consider the processes in greater 
detail. 

From a careful consideration of the description 
given above, several points will emerge. In the 
first place it is clear that there must be sufficient 
nickel ions available to carry the current con- 
cerned; if such a system in which the number of 
nickel ions are limited is taken, and the current 
gradually increased, there will obviously come a 
time when there will be insufficient nickel ions to 
carry it. If an attempt is made to raise the current 













still further by increasing the voltage, that is 
say, the pressure of electricity on the tank, it wil 
be found that the current does not increase jp 
proportion and, in fact, a state may be reached 
when it actually decreases. It will also be found 
that there is a much higher voltage between the 
cathode bar and the solution than normally, and 
this can be shown by actually dipping one of the 
voltmeter leads into the solution while the other 
is connected to the cathode bar. The cathodes 
then said to be “polarized.” In practice this means 
that there is a limited current that can be put on 
to a plating vat and this maximum value will 
depend on the number of metal ions available to 
be deposited at the cathode face. If the tem 
perature of the solution is increased, the ions cap 
move more easily and, therefore, they find it 
easier to get to the cathode face and will carrya 
higher current. When more current is applied toa 
system than it will conveniently carry, it will 
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generally be found that the deposit obtained is a 
unsatisfactory because the nickel ions instead of @ int 
having time to take up their position in the to1 
growing crystals are forced out of solution ina of 
random manner and produce a deposit of very tha 
small crystals arranged in a disordered way. This # isi 





generally produces a rough, unsatisfactory deposit 
often called a “burnt” deposit. 

If the manner in which the metal deposits is 
understood, it will be quite obvious that the 
operator will be abie to account for the type of 
deposits he obtains and will understand how to 
rectify the troubles. It must, however, be remem- 
bered that a large number of factors are involved, 
and that the description given herewith is a very 
much simplified one. For example, most plating 
solutions contain other substances besides the salt 
of the metal to be deposited. Thus a nickel 
plating solution will contain a certain amount of 
boric acid because it is necessary to control the 
acidity of the solution. The cathode layer is 
always less acid than the rest of the solution 
because the acidity depends on the amount of 
hydrogen ions present. These hydrogen ions tend 
to be liberated at the cathode and to form 
hydrogen gas which comes off in the form of small 
bubbles and since it is deposited out of the cathode 
layer, this layer of the solution is less acid than the 
bulk. If the acidity falls below a certain value, then 
basic nickel salts will be precipitated in the form 
of green sludge and will give trouble and, there 
fore, a certain amount of weak acid, such as bori¢ 
acid, is usually added to prevent this. A certain 
amount of nickel chloride is generally also 
present to assist in the solution of the anodes. 
A candidate in the Operatives’ examination may 
well be asked to describe the theory of the 
deposition process, illustrating his example with 4 
simple case. It is not expected that such a cai 
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didate will go very deeply into the various forces 
controlling the deposition conditions but he will 
be expected to know that the salt of the metal 
jonizes to form the charged ions of the metal 
itself, and the acid group with which it is associated 
and that these ions will, under the influence of an 
electric current, migrate to the appropriate 
electrode and give up their charge to become 
atoms or groups of atoms, He will also be 
expected to know that the conditions of deposition 
will effect the crystal structure of the resulting 
deposit although it is not expected that he will 
understand all the conditions involved, or that he 
will have more than an elementary knowledge of 
how this occurs. He should also be familiar with 
the reactions at the anode and how this, if made 
of a suitable metal, will dissolve to replenish the 
metal content of the solution or alternatively if an 
insoluble anode, as in the case of chromium, that 
oxygen will be liberated at its face. He must also 
realize the effect of temperature on the reactions, 
in that the increased temperature enables the ions 
to move more easily and thus enables the speed 
of deposition to be increased. He will also realize 
that the concentration of the metal salt concerned 
is important in that if it is insufficient there will 
not be enough ions present to carry the required 
current. 

If these points are fully understood and 
explained the candidate should be able to present 
a satisfactory answer. 

It should be remembered also that in the 
majority of plating solutions there are a number 
of hydrogen ions. If there are insufficient metal 
ions to carry the current, part of the current will 
be carried by these and a certain amount of 
hydrogen gas will be liberated at the cathode. 
This gas co-deposited with the metal often causes 
unsatisfactory deposits and other troubles. With 
certain metals, also, like nickel, hydrogen tends 
to be deposited before the metal and, therefore, 
it is necessary to keep the concentration of the 
hydrogen ions down to a very small figure, 
otherwise a quantity of hydrogen instead of 
nickel will be deposited. 

The concentration of the hydrogen ions in a 
plating solution is measured on a special scale 
known as the pH scale. It is not necessary for an 
Operator to know the exact definition of this, but 
it is advisable for him to understand what it 
means, because the pH of plating solutions will 
often be discussed, and in fact, it may be necessary 
for the operator himself to check and control this 
in certain cases. 

The pH is defined as “The reciprocal of the 
logarithm of a hydrogen ion concentration.” 
Assuming that the operator has studied a certain 
amount of elementary chemistry, he will be aware 
that a “normal” solution of a substance contains 


an equivalent weight in grams dissolved in a litre 
of solution. The equivalent weight is defined as 
being that weight which will combine with one 
atom of hydrogen. Thus, a normal solution of 
hydrogen ions will contain one gram of hydrogen 
ions in a litre of solution, and the pH of this will 
be zero. If this is diluted ten times, to produce a 
“decinormal” solution of hydrogen ions its pH 
will be 1; if it is diluted 100 times, its pH will be 2. 
The pH scale runs from 0 to 14 each figure 
indicating that the solution has been diluted to 
one-tenth of its former value. On this scale, pH 7 
is neutral and pH 14 is normal alkali. The pH 
figures for plating solutions can be estimated 
either with a potentiometer and standard cell, or 
by means of indicators. In the plating shop the 
latter method is generally used, and provided that 
the operator knows that the term pH refers to the 
degree of acidity, and that pH 7 is neutral any- 
thing above it being alkaline and below it acid, it 
will not be necessary for him to remember exactly 
the significance of the scale. In order however, to 
operate certain plating solutions, it may be 
desirable for him to understand the method by 
which the figures are obtained, and, if possible, 
to have some practical experience of pH papers 
and comparators. This he should obtain actually 
in the plating shop. (To be continued) 


Finishing Post 

(continued from page 64) 

At the present time the additions are made 
empirically. Since coumarin is not particularly 
soluble in the solution, it is rather improbable that 
too great an amount can be added, but it is suggested 
that small additions should be made to the solution 
at frequent periods rather than large additions at 
more infrequent periods. 


Silver Plating on Stainless Steel 
1126. We are being asked to silver plate a knife, 
handle made of stainless steel. We have however 
not been successful in obtaining an adhesive 
deposit on it and should be glad of your 
recommendations. 

Stainless steel is difficult to plate satisfactorily 
with silver and the method employed may depend 
somewhat on the exact nature of the material. We 
suggest that after cleaning and dipping for some 
30 seconds in 10 per cent hydrochloric acid, you 
should rinse the handles and first strike them in a 
nickel bath containing 38 oz. per gal. nickel 
chloride and \3 fl. oz. per gal. hydrochloric acid 
at 70°F and 30 amp. per sq. ft. for some 2 minutes 
as anode and then 6 minutes as cathode. After 
which the article may be rinsed and transferred 
directly to the silver bath. Adhesion may be 
improved by stoving the article after plating at 
180°C for half an hour. 
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ELECTRODEPOSITION 
OF ALUMINIUM 


A Brief Account of some 


Recent American Work 
By MICHAEL LORANT 


PRACTICAL process for electrodepositing 
A cewiniom at room temperature has recently 
been developed by D. E. Couch and Abner 
Brenner of the U.S. National Bureau of Standards. 
Dense, ductile deposits of the metal are being 
obtained at the Bureau from a new type of 
organic plating bath consisting of an ether 
solution of aluminium chloride and a _ metal 
hydride. . The new bath is expected to find 
important application for electroforming articles 
close inside tolerances, such as waveguides, and 
for providing various types of equipment with a 
thin protective coating of aluminium. 

Because aluminium is so far above hydrogen 
in the electromotive series of the elements, it has 
never been deposited from aqueous solutions, 
which always contain some hydrogen in ionized 
form. Aluminium is usually produced commer- 
cially from a bath of fused cryolite and aluminium 
oxide. However, this process must be carried out 
at a high temperature, and the metal is obtained 
in a fused state, unsuitable for electroplating or 
electroforming. [Electrodeposition from non- 
aqueous solutions has been tried in the past, with 
some success, but the procedure was too difficult 
for practical applications, and the deposits were 
lacking in purity, ductility, and other desirable 
qualities. 

The U.S. National Bureau of Standards is now 
conducting extensive research in an effort to 
develop methods for depositing in good physical 
form unusual metals such as molybdenum, tung- 
sten, titanium, and zirconium. Both fused salts 
and baths of organic solvents are being investi- 
gated. One of the first metals studied was 
aluminium. The success of the aluminium plating 
bath, developed in the course of this work, may 
be expected to give added impetus to the current 
widespread efforts to obtain metals in pure form 
from nonaqueous solutions. 

The aluminium plating bath is prepared:at the 
Bureau by adding either lithium hydride or 
lithium-aluminium hydride to an _ ethyl-ether 
solution of anhydrous aluminium chloride. For 
best results, the ether should be anhydrous and 
alcohol-free. The concentration of the aluminium 
chloride is not critical and may vary from | to 4 


Fig. 1.—Organic plating bath recently developed at thé 
U.S. National Bureau of Standards for electrodepositing 
aluminium at room temperature. To avoid the introduction 
of moisture, the bath is covered with a closed container 
through which dry air is passed before the plating operation 
begins. After the container has been flushed out, the lid 
of the plating vessel is lifted by the rod at the left, and the 
cathode is lowered into the bath by the central rod, which 
also carries a lid for the vessel. Aluminium rods entering the 
plating vessel through rubber stoppers serve as k 
The bottle in the foreground contains sulphuric acid used asa 
drying agent. 


molar. Current densities may be as high as 4 or5 
amp. per sq. dm. However, if thick deposits are 
desired, the current density should not be greater 
than 2 amp. per sq. dm. Because of the high con- 
centration of aluminium chloride in the ether, the 
bath is not as flammable as would normally be 
expected. 


(continued in page 83) 


Fig. 2.—Objects electroformed of aluminium by means of 

the new hydride plating bath developed recently at the U.S. 

National Bureau of Standards. The aluminium was deposited 

on copper, which was then dissolved out with nitric acid, 
leaving the aluminium replica. 
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INSTITUTE OF VITREOUS ENAMELLERS 


Summer School in Vitreous Enamelling 


N order to avoid the incidence of holidays and 

examinations, the date of the 1955 Summer 
School in vitreous enamelling organized by the 
Institute of Vitreous Enamellers, has been brought 
forward to earlier in the year, and will be held this 
year at Ashorne Hill, Warwickshire, from the 
morning of Friday, March 11 until the morning 
of Sunday, March 13. 

The School is principally designed for those 
members of the Institute who do not normally 
attend the Annual Conference, and for the 
employees of Company Members. All members 
are welcome, subject to accommodation being 
available. 

As will be seen from the details given below, the 
programme includes a visit to an enamelling 
department, as well as a series of authoritative 
topical lectures on various aspects of enamelling. 
The charge for participation is £5 inclusive, 
which covers the cost of all accommodation 
and meals during the period, the adminis- 
tration costs of the School being borne by 
the Institute. 

The detailed programme is as follows: 

Friday, March 11. 

12.00 noon. Delegates assemble for registration, 
etc. 

Luncheon. 

Depart for visit to the works of 
Fisher and Ludlow Ltd., Albion 
Works, Erdington, Birmingham. 
Return to Ashorne Hill. 


12.45 p.m. 
1.45 p.m. 


5,30 p.m. 


7.00 p.m. Dinner. 
8.00 p.m. Ist Session: “The Enamelling of 
Precious Metals” by W. E. Charles. 

Saturday, March 12. 

8.00 a.m. Breakfast. 

9.00 a.m. 2nd Session: ‘Modern Techniques in 
the Vitreous Enamelling of Sheet 
Iron” by J. J. Guy. 
3rd Session: “Safety Factors in 
Vitreous - Enamelling Plants” by 
R. Bramley-Harker. 
Luncheon. 
4th Session: ‘““Modern Techniques in 
the Vitreous Enamelling of Cast 
Iron” by A. K. Williams. 
5th Session: “The Vitreous Enamel- 
ling of Signs” by L. E. Malec. 
Tea. 
6th Session: “‘Developments in Steel 
Production for the Vitreous Enamel- 
ling Industry” by F. H. Smith. 
Dinner. 
Closing address by the President of 
the Institute of Vitreous Enamellers, 
Sir George Briggs. 
Sunday, March 13. 

8.00 a.m. Breakfast. 

School Disperses. 

Application forms for participation in this 
Summer School are available on request from the 
Secretary of the Institute of Vitreous Enamellers, 
J.D.Gardom, John Gardom &Co., Ripley, Derby. 


11.00 a.m. 





Electrodeposition of Aluminium 
(continued from page 82) 


_ To prevent the entrance of moisture, the bath 
is prepared and used in a closed container con- 
sisting of a glass plating vessel with a tightly fixed 
polyethylene lid. Anodes of aluminium rod pass 
through the lid, and the objects to be plated 
(cathodes) are introduced and removed through a 
central hole which is ordinarily kept closed with a 
rubber stopper. If hermetically sealed, the bath 
will keep for several weeks; however, under 
ordinary operating conditions the solution slowly 
deteriorates and eventually gives streaked and 
brittle deposits. 

No agitation of the bath is necessary. In fact, a 
quiescent bath is actually an advantage as the 
sediment from the anodes settles to the bottom of 
the vessel, making bagging of the anodes and 
filtration of the solution unnecessary. The com- 
position of the bath is easily controlled since the 
only constituent that changes appreciably in 
concentration during the plating process is the 


lithium hydride. Occasional additions of lithium 
hydride increase the life of the bath, but in time 
the lithium hydride becomes insoluble and the 
bath can no longer be used. 

When sufficient lithium hydride is used, the 
deposits are white, matt and quite ductile; but if 
the lithium content is too low (less than 3 or 4 gm. 
per litre), the deposits become hard, brittle, and 
grey. Still further reduction of the hydride con- 
tent produces deposits that are dark and stressed 
and that often crack or peel from the cathode. 
Ordinarily, deposits 0.01 in. or more thick are 
visibly crystalline, but this effect can be reduced 
somewhat by adding a small amount of di- 
chloroethyl ether. Pitting, which frequently occurs 
in aqueous baths, is practically non-existent in 
the ether bath. 

Cathode and anode efficiencies for the process 
are approximately 100 per cent. Deposits 0.05 
in. thick have been prepared at the Bureau and 
thicker deposits should be possible if the sharp 
edges of the cathode are shielded to prevent 
treeing. 
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FORTHCOMING 


INSTITUTE OF METAL FINISHING 
Spring Conference 


Preliminary announcements have now been 
made concerning the Spring Conference of the 
Institute of Metal Finishing, which will this year 
be held at the Palace Hotel, Torquay, from May 
17 to 21. 

While it is probable that additional papers will 
be included in the final programme, those which 
have been so far accepted are as follows: 

“The Effect of Chromium Plating on the 

Fatigue Strength of Steel” by C. Williams and 

R.A.F. Hammond. 

“A New Method of Analysing Stresses on 

Electrodeposits from the Curvature of a 

Plated Strip,” by J. J. Pick. 

“A Study of Cracking in Chromium Deposits” 

by H. Fry. 

“Corrosion Tests of Tin-Cadmium Alloy 

Coatings” by S. C. Britton and R. W. de Vere 

Stacpoole. 

“Tron-zinc Alloy Deposition” by F. Salt. 

“Cobalt-tungsten Alloy Deposition by T. P. 

Hoar. 

“The Electrolytic Oxidation of Copper and 

Copper Alloys in Hot Alkaline Solution” by 

S. G. Clarke and J. F. Andrew. 

“Electroforming in Electronic Engineering” by 

P. M. Walker, N. Bentley and L. Hall. 

“The Plating of Screw Threads” by A. W. 

Wallbank. 

“The Electron Microscope in the Study of 

Paint” by N. D. P. Smith. 

“The Blistering of Paint Films” 

Nicholson and H. A. H. Jenkins. 


The final session of the Conference on the 
morning of Saturday May 21, will take the form 
of a number of introductory talks on the subject 
of “Education for the Metal Finishing Industry” 
followed by an open discussion. 

The facilities at the Palace Hotel should ensure 
that apart from the intrinsic value of the technical 
proceedings members attending this conference 
will be able to participate in a wide range of social 
activities and other less onerous pursuits. A 
number of evening social functions is being 
planned, and particular care is being taken to 
cater for lady guests at the Conference. 

An unusual feature of this year’s Conference 
will be an Art, Photographic and Handicrafts 
Exhibition and Competition, entries for which 
will be judged by noted artists. This will be open 
to all members and those attending the Conference 
and full particulars will be announced by the 
Institute in due course. 


by A. 


CONFERENCES 


INSTITUTE OF VITREOUS ENAMELLERS 
Spring Meeting 

The Spring meeting of the Institute of Vitreous 

Enamellers will be held on May 19 and 20 

Porthcawl when visits will be made to the Abbey, 


Margam and Trostre works of the Steel Company 
of Wales, by kind invitation of the directors. 


Annual Conference and International Congres 


The twenty-first Annual Conference of the 
Institute will be held in conjunction with ap 
International Congress on vitreous enamelling. 
This will take the form of a tour of enamelling 
works at various centres in this country com 
mencing in London on October 8. Technical 
sessions will be staged in Leamington Spa on 
October 12—15 and the works tour will bh 
continued northwards terminating on October 22, 
A large number of technical papers has already 
been accepted for presentation at this Conference, 
emanating from the U.S.A., Scandinavia and 
most countries in Europe, as well as the U.K. 

A full social programme is being arranged in 
conjunction with the Conference as a fitting mark 
of the coming-of-age of the Institute. 





NON-DESTRUCTIVE TESTING 


An International Conference on Non-des- 
tructive Testing of Material will be held in 
Brussels, chiefly at the Université Libre, from 
May 23 to 28 of this year, under the auspices of 
the Association des Industriels de Belgique, in 
co-operation with various European and American 
technical organizations. Representation from 
Great Britain is being organized through the 
Non-destructive Testing Group of the Institute 
of Physics. 


The programme will be devoted to three 


principal subjects, radiography, ultrasonics and 
magnetic particle inspection, although there will 
also be discussion on such other testing methods 
as use of eddy-current, thickness measurement 
devices, etc. 

The programme also includes visits to technical 
and research laboratories and educational In 
stitutions in or near Brussels, as well as a number 
of social functions. A special programme of 
tours and visits is being arranged for ladies. 

As representation at this Conference is on the 
basis of national delegations, those interested in 
participating should in the first instance com 
municate with the appropriate organization i 
their own country. 
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“CORROSION IN THE HOME” 
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Interesting Range of Domestic Exhibits 


FoR the third successive year the Corrosion Group of the Society of 
Chemical Industry staged a highly successful conversazione at 
the Battersea Polytechnic on January 20, and, as last year, this 
function was enhanced by the provision of an exhibition demonstrating 
certain aspects of corrosion in action. This year the exhibition sought 
to illustrate the theme of “‘ Corrosion in the Home” and a compre- 
hensive range of exhibits was assembled to demonstrate the ills that 
can arise from improper selection of metals for certain uses and 
environments, or from absence of adequate protective treatment. 


A tour of the exhibition revealed that 
although the housewife has progressed 
far beyond the days of blacklead and 
steel wool as her front-line defence 
against corrosion, there still remain 
numerous pockets of resistance yet to 
be mopped up, whose presence in 
many cases is largely unsuspected. 

The. exhibition was staged under 
four heads—building materials, plumb- 
ing, domestic equipment and orna- 
mental metal ware and decorative 
finishes, and was opened by Dr. J. C. 
Hudson, chairman of the Group and 
head of the corrosion section of 
B.LS.R.A. 


Dissimilar Metals 

The need for careful selection of 
materials on building construction 
was well demonstrated. The Building 
Research Station showed results of 
corrosion of metals which occurred 
inside and outside the home. Particu- 
lar emphasis was made by them on the 
possible hazardous results of using 
two different alloys in contact with one 
another. For example an aluminium 
drain pipe had been held in position 
by acast-iron bracket. [na very short 
time marked corrosion had occurred 
close to the junction. 

The use of zinc coatings for pro- 
tection of water tanks does not make 
them entirely resistant to corrosion, 
and much work is being done to 
extend their life. It has been shown 
that galvanized tanks last longest 
where the water is hard, a protective 
deposit of calcium carbonate adding 
to the protective zinc coating. How- 
ever, factors preventing the formation 
ofa continuous scale, such as foreign 

its Or the association of copper 
alloys with galvanized steel, hasten the 
failure due to corrosion. FF. A. 
Hughes and Co. Ltd., demonstrated 
the possible application of magnesium 
anodes for the cathodic protection of 
water tanks. 





NEW METAL 
FINISHING COMPANY 
IN SCOTLAND 


HE metal-finishing, anti-corrosion 
and allied activities of John Scott 
and Son, at Farme Sheet Metal Works, 
Cambuslang Road, Rutherglen will be 
transferred to a new company Metal- 
lisation (Scotland) Ltd. operating from 
the same address and with Mr. John 
Scott, principal of the Rutherglen firm 


Another technique involving the | as chairman and Mr. J. Stewart Scott 


introduction of a small electric current 
to combat the electrolytic action 
causing corrosion in an iron pipe 
embedded in some soils was shown by 
Metal and Pipeline Endurance, Ltd. 
Steel components may also be 
protected from corrosive media by 
zinc in the form of a zinc-rich paint 
such as that shown by Secomastic, 
Ltd. under the name Galvafroid. 
This is claimed to be suitable for 
renewing zinc coatings on galvanized 
surfaces which have worn thin. 


Use of Phosphate Protection 


Phosphating of steel surfaces for | 


protection is now quite well known. 
Benefits of such treatment were 
indicated by Jenolite Ltd., as a pre- 
treatment of rusted and of new steel 
components for final painting. Phos- 
phate treatment may now be carried 
out as a continuous production 
process ; a working model of such a 
plant for Bonderizing of car bodies 
was displayed by The Pyrene Co. Ltd. 


as managing director. Associated with 
Scott in this development are Metal- 
lisation Ltd of Dudley, for whom the 
Rutherglen firm have been Scottish 
representatives for some time. New 
premises for this side of the business 
have been acquired at Cambuslang in 
the former Boyd Stewart premises, 
where the new company will concen- 
trate its activities, leaving the original 
premises free for expansion of sheet- 
metal working. The development 
stems from the growing scope of metal- 
finishing work at this plant and the 
limitations of existing space at the 
present works. 


| In their new works, Metallisation 

(Scotland) Ltd., will have two sections, 
one devoted to every aspect of indus- 
trial and decorative finishes, and the 
other to engineering aspects, building- 
up and corrosion-resistance work. 
The sheet-metal-working business of 
John Scott and Co. continues as 
formerly and as a separate entity. 





Phosphate and silicate compounds as | 


inhibitors of corrosion are also being 
developed which are useful in central- 
heating circuits in which small portions 
of the chemical may be added to the 
main water tank. Albright and 
Wilson Ltd., gave an_ interesting 
demonstration of the use of sodium 
metaphosphate which could be con- 
tinuously fed into the water circuit 
either for domestic use or central 
heating. 

J. Crosfield and Sons Ltd., exhibited 
various sodium silicates, suitable for 
addition to a water-heating system to 
combat corrosion of either coated or 
metal-treated metal components. 

The list of firms and organizations 
exhibiting included the Aluminium 
Development Association; British 
Iron and Steel Research Association ; 
British Metal Window Manufacturer’s 
Association Ltd.; British Standards 





Institution ; Building Research Sta- 
tion, D.S.L.R.; LCI. Ltd., Metals 
Division ; Secomastic Ltd.; Winn 
and Coales Ltd.; Zinc Development 
Association; Albright and Wilson 
Ltd.; British Non-Ferrous Metals 
Research Association ; Joseph Cros- 
field and Sons Ltd.; Cuprocyl Ltd.; 
F. A. Hughes and Co. Ltd.; Public 
Health Department, L.C.C.; Metal 
and Pipeline Endurance Ltd.; Metro- 
politan Water Board; British Alu- 
minium Co.; Chemical Research 
Laboratory, D.S.IL.R.; LCI. Ltd., 
Paints Division ; Jenolite Ltd.; Pyrene 
Ltd.; Radiation Ltd.; Sheet Metal 
Industries Association Ltd.; Research 
Association of British Paint, Colour 
and Varnish Manufacturers ; Silver- 
crown Ltd.; and the Tin Research 
Institute. 








TECHNICAL AND 
INDUSTRIAL APPOINTMENTS 


Mr. I. Mann has taken up an 
appointment as works director of 
the Carborundum Co. Ltd. He will be 
in charge of a new bonded coated 
abrasive factory in Madras, India. 

~*~ x * 


Mr. D. W. C. Baker has left The 
Mond Nickel Co. Ltd. to join the 
staff of the Tin Research Institute. 

* ” 7” 

The directors of Croda Ltd., Croda 
House, Snaith, Goole, Yorks., an- 
nounce that Sir Edward T. F. Crowe, 


K.C.M.G., has joined the board and | 


has been elected chairman of the 
company. Sir Edward is the younger 
brother of the late Mr. G. W. Crowe, 
chairman and founder director, who 
died in June of last year. 

* ~ * 

Mr. A. J. L. Nash, B.Sc., A.C.G.L., 
M.I.E.E., has recently been appointed 
general manager of R. Cruickshank 
Ltd., of Camden Street, Birmingham. 
Prior to taking up this appointment 
Mr. Nash was managing director of 
Marino Process Ltd., one of the 
associated companies of The Durham 
Chemicals Group. 

* ~ > 

The directors of H. J. Enthoven and 
Sons Ltd., announce that Mr. A. R. 
Mathias has been elected a director of 
the company in place of Mr. R. T. de 
Poix, who has resigned from the 
board. 

~ * 

Mr. N. F. Patterson, a director and 
general manager of production of 
Monsanto Chemicals Ltd., has been 
appointed operations director respons- 
ible for all manufacturing operations 
of the company. 

7” = 

Dr. George W. Rigby, of Wilming- 
ton, Delaware, U.S., has n ap- 
pointed European technical representa- 
ive of E. I. du Pont de Nemours and Co. 
manufacturers of explosives, chemicals, 
etc., of London, W.C.2. He will 
maintain his headquarters at the 
company’s main offices at Wilmington, 
but will spend a substantial part of his 
time travelling in Europe. Dr. 
Rigby has been transferred from the 
company’s development department 
to its foreign relations department for 
the new assignment. 





| 
} 
| 
} 
| 
| 
} 
| 


| 
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Proposed Installation of 
Continuous Line 


ICHARD Thomas and Bald- 

wins Ltd. have completed ar- 
rangements to instal at Ebbw Vale 
an Armco-Sendzimir continuous 
galvanizing line. With a potential 
output of 10 tons per hour of 4-feet 
wide steel strip, this unit will be the 
first of this magnitude in the 
country, and will be an important 
factor in meeting the increasing 
competition in world markets. It 
is hoped to begin operations early 
in 1957. 

The operation of this line does not 
necessarily mean the curtailment of 
galvanized sheet production in the 
company’s West Wales works. 

Present overseas demand for gal- 
vanized sheet is considerable, and at 
present there is no definite sign that in 
two years’ time there will be any sub- 
stantial reversal in the supply/demand 
position for British galvanized sheets. 

The line will be made by the Head 
Wrightson Machine Company Ltd. at 
Middlesbrough, and will operate under 
licence of the Armco Steel Corpora- 
tion. 

The Armco-Sendzimir process rep- 
resents a radical departure from the 
conventional practice of sheet gal- 
vanizing. It broadens the application 
of galvanized sheets by giving metal 
fabricators a steel sheet with a gal- 
vanized coating that has an adherence 
sufficient to withstand drawing and 
forming operations, up to the limit 
of the steel base, without peeling or 
flaking. 


G.W.B. Furnaces Ltd. announce that 
due to the continued expansion of its 
business, the head office (including the 
accounting section) has been trans- 
ferred to Dibdale Works, Dudley, as 
from February 1. 


Mr. T. Allen has been appointed 
to the board, and will be the admini- 
strative director in charge at Dudley. 
Mr. Allen joined the Company in 
1934, and has been general manager 
since 1948, 

A further appointment is that of 
Mr. A. V. Francis to the position of 
chief engineer. Mr. Francis will be in 
charge of furnace design and sales. 


* * * 


The Ministry of Supply announces 
that Dr. L. F. C. Northcott has been 
promoted to deputy-chief scientific 
officer and has been appointed senior 
superintendent of applied research at 
the Armament Research Establishment, 
Fort Halstead. 


GALVANIZED SHEET DEVELOPMENT AT EBBW VALE 


pe 


february, 1953 





Productivity of a very high orde 
is obtained with this unit. In the 
continuously-operating line—almog 
700 ft. long—the cold-reduced coils 
are taken through the processes of 
cleaning, heat-treating, pickling, 
coating, shearing to the final shee 
size, and so to inspection. 

The sheet coil, after cold reduc. 
tion, is first heated to remove rollj 
lubricants and to give a unifom 
degree of surface oxidation as the 
necessary preparation for coating, 

The steel strip then passes into a 
long continuous furnace where it is 
annealed and also gas pickled. This 
is followed by carefully-controlled 
cooling in a non-oxidizing atmos 
phere. The cooling furnace is direct. 
ly connected to the annealing 
furnace and extends to the coating 
bath, where its end is sealed by the 
molten zinc. 


Under operating conditions, essen- 
tially all the heat required for melting 
the zinc is supplied by the incoming 
steel strip. After passing. through the 
molten zinc bath, the galvanized strip 
is cooled, cut up into sheet lengths, and 
inspected on the unit. | 

The excellent quality of coating 
adherence is obtained by suppressing 
the formation of brittle iron-zine 
alloys in the coating. This is done by 
adding aluminium to the moltes 
bath to a degree not possible in the 
comventional sheet-galvanizing bath, 
owing to the rapid chemical reaction 
between the chloride flux and al 
minium. Because of the method of 
surface preparation, no chloride fluxis 
used in the new process. 

























































































































Dr. John Christian Warner, president 
of the Carnegie Institute of Technology 
who was a key figure in the World 
War II atomic energy programmes 
has been chosen president-elect of the 
American Chemical Society. He will 
take office for the year 1956. Prof. 
J. H. Hildebrand of the University of 
California is the present president, he 
assumed office on January 1, 1955. 

* ~ * 

Mr. A. Bradbury, who has been 
commercial manager of the Staveley 
Iron and Chemical Co., Ltd., has 
retired after 52 years at Staveley. He 
is succeeded by Mr. J» D. Berresford, 
deputy commercial manager. 

* * > 

Mr. J. Bishop, general manager of 
Nordac Ltd. has been appointed 
managing director. 

* 7 * 


Mr. Rudolph E. F. De Trafford has 
been. appointed a director of Lews 
Berger and Sons Ltd. 
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PAINT SHOP COSTING 


Conference Organized by I.C.1. Ltd. (Paints Division) 


ON November 10th, 1954 a Conference devoted to The Measurement 
and Control of Industrial Paint Finishing Costs was organized at 
the Café Royal, London by the Paints Division of Imperial Chemical 
Industries Ltd. Three contributions were presented, and fully dis- 
cussed by an invited audience, by representatives of accountancy, 
management and supervision, the three principal industrial divisions 
which can be considered competent to comment on the subject and 


implement any findings. 


These contributors were Mr. 
H. H. Norcross of Norcross and 
partners, speaking as an industrial 
accountant, Mr. D. C. Sandilands 
of S. Smith and Sons (England) 
Ltd., Motor Accessories Division, 
speaking as a metal finishing 

r, and Mr. W. J. Izzard, of 
C.A.V. Ltd., putting forward his 
point of view as a foreman. 

The Conference was preceded by a 
luncheon at which Mr. H. W. G. 
Bidgood, joint managing director of 
LCI. Ltd., Paints Division, presided 
and voiced a welcome to those present. 

The first session of the meeting was 
held under the chairmanship of Mr. 
W. E. Harrison, president of the 
Institute of Cost and Works Account- 
ants, who was succeeded in the chair 
during the second session by Mr. 
W. F. S. Woodford, secretary of the 
Institution of Production Engineers. 

The entire proceedings of the 
Conference, including the very effective 
discussion, which took place at both 
sessions, have been published as a 
60-page book by I.C.I. Ltd., Paints 
Division, and make interesting and 
instructive reading. The subject is 
one about which it is safe enough to 
say that finality will never be reached 
but there are undoubtedly certain 
fundamental tenets on which good 
paint shop costing can be based and 


many of them were brought to light 
during the meeting. 

Mr. Norcross dealt largely with the 
broader aspects of costing, and 
illustrated in general terms how costs 
may be broken down and controlled. 
He strongly advocated the adoption of 
an efficient system of budgetary control 
and urged the need for constantly 
examining and improving present cost 
standards. 

Mr. Sandilands in the course of his 
paper stressed the difficulty of drawing 
up even approximate standard costs 
in a works such as his own which was 
handling a very large number of 
differing components, finished in a 
variety of colours. After referring to 
the important part played by rejects 
in raising production costs he finished 
his remarks by drawing attention to 
the significant contribution to cost 
control which is made by the relations 
between paint suppliers and_ their 
customers. He emphasized the nec- 
essity for full collaboration at a proper 
technical level and advocated that the 
representatives of supply companies 
should be encouraged to _ interest 
themselves in the particular technical 
requirements of their customers at 
shop-floor level. 

Mr. Izzard put forward the foreman’s 
point of view and stated it to be his 
opinion that the success or failure of 
any cost-controlled system Gepends. 


largely upon close co-operation and 
understanding between the cost office 
and the foreman. He demonstrated 
a number of examples of graphs and 
charts whereby statistical information 
concerning every aspect of the running 
of his shop could be kept available by 
the foreman in a readily perceptible 
form, revealing trends and anomalies 
more effectively than could be done by 
a column of figures. 

The general discussion which fol- 
lowed the presentation of the three 
papers was spirited and very much to 
the point, and revealed that certain 
divergences of opinion were present, 
particularly between the theoreticians 
and those on whom it fell to implement 
theories in practice. There were some 
obviously heartfelt comments about 
the difficulties of quantitatively assess- 
ing the long-range performance of a 
paint film and there was some measure 
of agreement that in the long run the 
final arbiter is the spray-shop foreman’s 
thumbnail. 

Some reference was made late in the 
proceedings to the highly important 
part played by efficient pre-treatment 
but lack of time prevented further 
discussion. 

The staging of such a Conference, 
as of similar ones in previous years, 
by I.C.I. Ltd., Paints Division, in the 
interests of the metal-finishing industry 
provides valuable supplementary op- 
portunities for the frank discussion of 
numerous important and practical 


aspects of indnatriah paint application 








INSTITUTE OF VITREOUS 
ENAMELLERS 
MIDLAND SECTION 
ANNUAL DINNER 


_ popularity of the annual 
dinner of the Midland Section of 
the Institute of Vitreous Enamellers 

been evidenced by the steadily 
growing attendance at this function 
year by year. 

This year’s function, held at the 
White Horse Restaurant, Birmingham 
on Friday, January 14, attracted 
nearly a hundred members and was 
Obviously enjoyed by all present. 

The toast of ‘“* The Institute ” 
Proposed by Mr. G. A. Oatley 
(director, Cannon Holdings Ltd.) and 
responded to by the section chairman 
Mr. A.G.Read(Metal Porcelains Ltd.). 





Scottish Installation for 
Metal Pre-treatment 


HE largest metal pre-treatment 

plant in Scotland has been ordered 
from Jenolite (Scotland) Ltd., by 
another firm which showed at the 
Scottish Industries Exhibition. Jeno- 
lite have themselves placed an order 
with another firm which showed at the 
Exhibition, Contemporary Metalwork 
Ltd., for two tanks, one in stainless 
steel and the other in mild steel. Both 
are 18 ft. long, 4 ft. wide and 6 ft. 
deep and will be the largest of the 72 
tank installations now operating in 
Scotland. 


Mr. J. A. Reavell, chairman of the 
Kestner Group of companies, has 
recently left this country for a visit to 
South Africa. 











Electroplating Company 


ELEBRATING the 50th anniver- 

sary of its foundation, Samuel 
Allen and Co. Ltd., electroplaters, etc., 
of Newcastle-upon-Tyne, has presented 
seven employees having 25 or more 
years’ service with gold watches. 


OBITUARY 


Perry: Mr. Howard Edwin Perry, 
who died recently at Codsall (Staffs) 
in his 84th year, was chairman of 
T. &C. Clark and Co. Ltd., enamelled 
chemical plant and glass-lined steel 
equipment manufacturers, of Wolver- 
hampton. 
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NEW LARGE PICKLING SHOP 


Completion of £1,000,000 Works Reconstruction 
by Whessoe Ltd. 
T= sulphuric/phosphoric-acid (Footner) pickling process for 
combating the corrosion of mild steel has proved itself effectively 
in the last twenty years and the demand for the initial protection of 
mild-steel plates and sections used in plant for the oil, gas, chemical 


and other heavy industries has been steadily growing. 


The firm of 


Whessoe Ltd., Darlington, have announced that they have recently 


put the first part of their new pickling and painting shop into | 


operation, thus completing the works reconstruction programme on 
which Whessoe have expended £1,000,000 since 1946. 


Since starting pickling in 1934 
Whessoe have treated approximately 
half a million tons of steel plate and 
sections. At first one oil company was 
the sole user of pickled steel plates for 
oil storage tanks—one of Whessoe’s 
chief products—but, as the process 
became known and its advantages as an 
anti-corrosive measure appreciated, its 
application has extended. Nowadays 
80 per cent of the total output of 
Whessoe is treated. Large tonnages of 
plate go to the oil industry, the gas 
industry increasingly favours its use 
for gasholders and purification plant, 
the chemical industry employs it for 
tanks and process vessels and it is also 
used for wind tunnels and similar 
structures. 

Whessoe pioneered the pickling of 
heavy mild-steel plates and sections in 
Great Britain in 1934, a year after 
Pfeiffer described the process to the 
first World Petroleum Congress. The 
phosphoric-acid process used then 
consisted of descaling in a hot 10-15 
per cent solution of phosphoric acid, 
followed by immersion in a 2 per cent 
solution at 85°C. to form a thin film of 
corrosion-inhibiting iron phosphate on 
the surface of the steel. Though 
giving satisfactory results, the process 
was expensive and in an effort to 
reduce costs the regeneration of the 
spent solution with sulphuric acid was 
tried for a time. 

Finally, in 1936, Whessoe began to 
use the sulphuric-acid/phosphoric-acid 


process, which proved as effective as 
both previous processes and cheaper. 
It was the result of joint investigations 
by Shell Petroleum Co. Ltd. and 
Whessoe. 

In this process millscale is removed in 
hot 5 per cent sulphuric acid; the plate 
is then washed in hot water and finally 
immersed in 2 per cent phosphoric acid 
at 85°C. The removal of millscale 
obviates the danger of accelerated 
corrosion and ensures that maximum 
life is obtained from the paint sub- 
sequently applied. The phosphoric- 
acid bath gives a film of iron phosphate, 
which inhibits underpaint corrosion 
and provides an excellent key for 
paint. 

Before the steel has time to cool 
appreciably, it is coated with good 
quality priming paint, which is brushed 
well into the hot phosphate filmed 
surface. The resultant priming coat 
will withstand rough handling during 
subsequent transportation and erection 
work and provides an excellent start for 
the final paint treatment. 

Details of the New Shop 

The new shop is 400 ft. long by 
62 ft. wide and 37 ft. high to the eaves. 
It is of all-welded rigid frame con- 
struction with brickwork cladding and 
wire cast glass glazing, the roof being 
of Asbestos Trafford Tiles and the 
floor generally of concrete. 

The shop is served by four overhead 
travelling cranes each of 74 tons 
capacity. 


Part of the new Whessoe pickling shop showing in the foreground the painting 
area, and, behind, the pickling baths and steam-raising plant 


REORGANIZATION OF 
| ENAMEL FIRM 


HE well-known company of 
reous enamellers and e 
engineers, Stewart and Gray Ltd., 
announced the formation of a 
company, Escol Products Ltd, 
company will manufacture and s 

the complete range of Escol 
frits, colouring oxide and en 
requisites previously handled by 
parent company and will also take 
its engineering and consultative 
partments. 

Stewart and Gray Ltd., conti 
their activities as vitreous ‘enamellers: 
of steel and cast iron to the trade. They” 
will also expand their sheet-fabricati 
facilities. The direction of the 
company will remain in the hands of 
the board of the parent company of 
which Mr. N. F. Parker is chairman 
and managing director, and Mr. J. Hy 
Gray, a director of Stewart and Gray 
Ltd. has been appointed managing 
director of Escol Products Ltd. 





INCREASED PLATING CAPACITY 
IN SCOTLAND 


The Consolidated Pneumatic Tool 
Co. Ltd. are expanding their metal 
finishing and electroplating sections 
at the Tullos, Aberdeen factory which 
they took over some time ago and are 
now operating a trade service which 
covers cadmium, copper, chromium, 





nickel, tin and allied treatments. 





The pickling baths, which are 
contained in an acid-resisting brick+ 
lined pit, are of mild-steel construction 

with an acid-resisting rubber lining 
protected from mechanical damage by 
a timber lining. These baths are of 
similar construction to those formerly 
used, but larger. The approximate 
dimensions are 33 ft. long > Ps ft. 9 im 
wide by about 9 ft. 6 in. deep to take. 
the larger plate sizes coming into use: 
Heating is by steam generated in & 
vertical tube oil-fired boiler fitted with 
automatic control. Both acid baths 
employ the “ push-pull ” type of fume 
extraction plant. 

Adequate changing, washing and” 
lavatory accomodation is available for 
the men employed in the shop. Av 
small laboratory from which the pro- 
cess is controlled is included within the: 
building. 
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The old year is 


piped out with 


traditional ceremony as a climax to 


the London Branch function. 
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ETAL FINISHING 


Record Attendances 
at Social Functions 
of Local Branches 


EW YEAR’s EVE was the occasion 

for the Annual Dinner and Dance 
staged by the London Branch of the 
Institute of Metal Finishing, which 
was as in previous years held at the 
Rembrandt Hotel, London. The 
number attending on this occasion was 
only a few short of 200 and was easily 
the largest function yet staged by the 
London Branch: All those present 
clearly enjoyed themselves and greeted 
the New Year with traditional acclaim, 
while the proper Hogmanay touch was 
afforded by the presence of Captain 
A. McLellan, who piped out the old 
year with due ceremony. 

Three weeks later the Midland 
Branch staged their annual Dinner 
and Dance and succeeded in filling the 
Grosvenor Room of the Grand Hotel, 
Birmingham, to capacity with an 
assembly of nearly four hundred 
members and guests, which again 
constituted a record for this popular 
function. 

The proceedings were enlivened by 
the presence of that grotesque figure 
Percy the Plater, whose harrassed 
demeanour and constant jitterings 
provided ample warning of the dangers 


attendant upon spending long hours 
on the night shift. 

A further stag2 in the social growth 
of the Institute was marked by the fact 
that the comparatively recently created 
Manchester and North-West area 
Branch staged its first Dinner and 
Dance and succeeded in attracting a 
very satisfactory number of members 
from the area to this initial venture. 

Only last week on February 11, the 
Sheffield and North-East Branch held 
its Dinner and Dance at the Grand 
Hotel, Sheffield, which again gave 
evidence of the successful growth of 
this flourishing branch. 

The organization of these functions, 
particularly on the scale of attendances 
which they are now achieving, in- 
volves a considerable amount of 
honorary and tedious detail work, 
and the Institute is fortunate in being 
able to call on the services of so many 
of its members who are prepared to 
devote their energies and their leisure 
time to the organization of such 
functions for the benefit of their 
fellows. 


Part of the festive scene at the London Branch New Year Dinner and Dance. 
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Meetings of the Month 


February 15 
Institute of Metal Finishing (Organic 
Finishing Group). “Problems of a 
Paint Shop Controller’ by R.M.C. 
Logan, at the British Institute of 
Management, 8, Hill Street, London, 
W.1. 6.30 p.m. 


February 16 
Society of Chemical Industry (Cor- 
rosion Group). ‘Corrosion in the 
Home—Discussion” introduced by 
Mrs. A. Jackman, P. T. Gilbert, and 
H. J. Sharp, at Burlington House, | 
Piccadilly, London, W.1. 6.30 p.m. 
Incorporated Plant Engineers (Wes- 
tern Branch). “The Protection of 
Structural Steel against Corrosion” 
by K. H. Gibbons, B.A., at the Grand 
Hotel, Bristol. 7.15 p.m. 


February 21 


Institute of Metal Finishing (London | 


Branch). “Surface Treatment of Steel | 
in Relation to the Smoothness of Hard | 
Chromium Deposits’ by R. A. F. | 
Hammond, B.Sc., A.R.C.S., F.R.LC., 
and W. A. Marshall, A.I.M., at the 
Northampton Polytechnic, St. John | 
Street, London, E.C.1. 6.15 p.m. 


February 24 

Institute of Vitreous 
(Midland Section). “High Density | 
Grinding Balls: Time Saving in 
Industry” by G. Langharne, at the 
Birmingham Exchange and Engineer- 
ing Centre, Stephenson Place, Bir- 
mingham, 2. 

Sheet and Strip Metal Users’ 
Technical Association. ‘‘The Preven- 
tion of Corrosion of Components and 
Materials in Store and Transit’ by 
C. F. McCue, at the Charing Cross 
Hotel, London, W.C.2. 2.15 p.m. 

Institute of Metal Finishing (London 
Branch). Works visit to L.T.E. 
Maintenance Depot, Chiswick High 
Road, London, W.4. 2.15 p.m. 


February 25 
Institute of Metal Finishing (Sheffield 
and N.E. Branch). ‘Some Aspects of 
Silver Plating,’ by R. R. Benham, 
A.R.LC., at the Grand Hotel, 
Sheffield. 6.30 p.m. 


March 1 
Institute of Metal Finishing (Midland 
). “Recent Developments in 
Chromium Plating’ by H. Silman, 
B.Sc., F.R.I.C., M.I.Chem.E., F.1.M., 
at the James Watt Memorial Institute, 


Enamellers | 
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TRADE and TECHNICAL PUBLICATIONS 


Pickling and Acid Recovery Plant, 
etc.: A number of leaflets and 
brochures have been received from 
Chemical Engineering Construction 
(Pensnett) Ltd., Montfort House, 168, 
Lower High Street, Stourbridge. Des- 
criptions and details are given of the 
wide range of products of the company 
including pickling installations, acid 
regeneration plants, rinse water re- 
covery plants, acid neutralizing plants, 
acid-fume extraction plants, galvaniz- 
ing installations, rubber- and plastic- 
lined plant, valves, pumps, heaters, 
filters, etc., etc. 

Industrial Stoving Equipment: An 
illustrated technical brochure, des- 
cribing the range of industrial stoving 
equipment manufactured by A. E. 
Griffiths (Smethwick) Ltd., Booth 
Street, Handsworth, Birmingham, 21, 
has been issued by the company. 
Numerous types of equipment are 
manufactured, mostly for use with 
town’s gas, and covering such uses as 
enamelling, lacquering, cellulose 
finishing, paint drying, etc., etc. 
Ovens are manufactured in stationary 
or conveyor types, heating being by 
| infra red, convection, forced-air cir- 
culation, etc. 

This well-known company also 
manufacture dust-extraction systems 
and fume extraction and ventilating 
systems, and are specialists in sheet- 
metal work and light constructional 
engineering. 

Nickel Anodes: Metals and Methods 
Ltd., Bacon Works, Langley, Nr. 





| Slough, produce refined nickel and 


nickel-cobalt anodes, complete with 
hooks. These can be supplied if 
required in exchange for customers’ 
old anode stubs, hooks and deposits 


on a_ weight-for-weight basis 9 
favourable terms. Details of ang 
and the recovery scheme together with 
information on nickel-alloy ingots ang 
hardeners also available from th 
company, are given in leaflets which 
can be obtained on application to the 
company. 


** Corrosion Preventives’: — This 
booklet which can be obtained from 
C. C. Wakefield and Co. Ltd, 4 
Grosvenor Street, London, W.1, free 
of charge, discusses. the problem of 
corrosion and its cost, and gives details 
of the corrosion preventives manufag. 
tured by the company. Other chapten 
deal with the causes of corrosion, th 
nature of temporary corrosion preven 
tives and the application and removal 
of corrosion preventives. Typical 
applications, including steel sheets, 
are also dealt with, and an abridged 
list of.the company’s products given. 


Conveyor: Used extensively in 
paint spraying systems is the 70§ 
conveyor developed and manufactured 
by Teleflex Products Ltd., Chadwell 
Heath, Essex. An outstanding feature 
of this conveyor system, which is 
described and illustrated in a brochure 
issued by the company, is its high 
flexibility; it is also suitable for long 
runs with multi-drives. High efficiency 
and economy are achieved by the 
standardization of components and 
sections which are capable of being 
formed into conveyor systems to suit 
any particular works or production 
layout. In addition the light weight of 
the components enables the con 
veyors to be erected, in the majority 
of buildings, by fixing directly to the 
existing roof trusses or girders. 





Gt. Charles Street, Birmingham, 3. 
6.30 p.m. 


March 2 
Institute of Metal Finishing (Scottish 


Branch). Platers’ Forum, Chairman: 
C. Wharrad, at the Institution of 
Engineers and Shipbuilders in Scot- 
land, 39, Elmbank Crescent, Glasgow. 


7 p.m. 
March 3 
Institute of Metal Finishing (N.W. 
Branch). ‘Anodizing’ by N. Pullen, 
at the Engineers Club, Albert Square, 
Manchester. 7.30 p.m. 


March 8 
Institute of Metals (S. Wales Local 
Section) “Industrial Methods of Elec- 
troplating” by G. E. Gardam, Ph.D., 
B.Sc., A.R.C.S., F.R.1.C., F.1.M., at 
Metallurgy Dept., University College, 
Singleton Park, Swansea. 6.45 p.m. 


March 17 
Institute of Vitreous Enamellers 
(Northern Section) Annual General 


Meeting followed by discussion on 
enamelling faults and problems. 


March 18 
Institute of Metal Finishing (Midland 
Branch) Annual Smoking Concert at 
the White Horse Hotel, Congreve 
Street, Birmingham. 


March 21 

Institute of Vitreous Enamellers 
(Southern Section) “Safety in Enamel 
ling Shops” by A. G. Palmer at the 
Howard Hotel, Norfolk Street, London 
W.C.2. 7.15 p.m. 

Institute of Metal Finishing (London 
Branch) ‘“‘Electrodeposition of Alumi- 
nium” by R. J. Heritage, at the 
Northampton Polytechnic, St. John 
St., London, E.C.1. 6.15 p.m. 


March 22 
Institute of Metal Finishing (Organic 
Finishing Group) ‘Aircraft Finishes 
by J. B. T. Lewin, at Regent House, 
Colmore Row, Birmingham, 6.30 p.m 
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Latest Developments 





PLANT, PROCESSES and EQUIPMENT 





Temperature Control of 

Vitreous-enamelling Furnaces (Fig. 1) 

HE Radiamatic Radiation Detector 
Tiead, manufactured by the Brown 
Instrument organization of Philadel- 
phia, U.S.A., is designed for use with 
the company’s “* Electronik ” indicat- 
ing circular-scale contact controller. 
For application to the control of 
vitreous-enamelling furnaces, this 
detector head has a narrow sighting 
angle so that, at a distance of 6 to 8 ft., 
it can be sighted accurately on the 
required area of the furnace interior 
by means of the rear sighting lens. 
Response to small changes of radiant 
energy transmission is immediate, and 
the instrument has a high sensitivity. 
Installation is effected in the furnace 
door. 

Chromium-Plating Anodes 

NEW introduction by W. Canning 

and Co. Ltd., Great Hampton 
Street, Birmingham, 18, is the 
“Korant ” chromium-plating anode. 
(Fig.2). This anode has a_ highly 
conductive aluminium core, and the 
cross-section is such that the weight is 
low. The anodes are available in 
stepped and triangular cross-sections. 
These anodes are specially designed for 
carrying heavy currents as employed 
in hard-chrome plating, but they can 
also be used for decorative plating, 
and can be supplied in lengths up to 
6 ft.: however, for lengths greater 
than 3 ft. they are only available in the 
triangular shape. The advantage of 
the aluminium core is that no corrosion 
takes place should the lead outer 


covering become damaged, thereby 
allowing the plating solution to contact 
the core. 

A further product from this com- 
pany is the new “ Rigid” lead-alloy 
anode for chrome plating. This type 
of anode has substantial beaded edges, 
and the cross-section provides rigidity 
so that the anode does not sag when 
lifted and a constant inter-electrode 
distance is ensured giving a more 
uniform deposition. In addition a 
heavy reinforcement is provided at the 
top of the anode to reduce corrosion 
at the solution level. The “ Rigid” 
anode is 3 in. wide and is available in 
lengths up to 3 ft. 


Polythene Tube 
OLYTHENE flexible tube for 
compressed-air lines is being manu- 

factured by Telektron (Great Britain) 
Ltd., 7, Chesterfield Gardens, Curzon 
Street, London, W.1. The tube, which 
is black in colour, is supplied in coils 


Fig.2.—Chromium 
plating anodes. On 
the left is the 
** Rigid”’ lead-alley 
anode. On the right 
are the two types 
of **Korant”’ anodes 
with aluminium 
cores 


Fig. 1.—Radiation head for vitreous-enamelling furnaces 


of 100, 200 or 500 ft., and is available 
in. three sizes of inside diameter, viz., 
}, #. and 4-in., the pressures allowable 
being 225, 200, and 170 Ib. per sq. in. 
respectively at 100° F. 


High-speed Laboratory Mill 

ONSISTENT results from small- 

batch milling under laboratory 
conditions have always been time- 
consuming to obtain, and frequently 
are difficult to relate to the results 
obtained under works conditions. 
Considerable assistance can therefore 
be expected from the use of a new high- 
speed laboratory mill for which it is 
claimed, on the basis of a very large 
number of tests, that it will grind and 
disperse materials in at least one tenth 
of the time normally taken by an 
orthodox ball or pebble mill. 

While the mill has a wide range of 
uses and applications in many branches 
of.industry it is particularly suited to 
the paint industry and the paint manu- 





facturers’ laboratory. For example, it 
will grind and disperse a concentrated 
charge of colour pigment and medium 
in approximately 4 hours, a process 
which normally takes at least 40 hours 
in an orthodox ball or pebble mill. 
Alternatively, it will produce a much 
superior dispersion in 5, 6 or 7 hours 
milling time. Manufacturer’s test 
reports quote specific dispersion times: 
Carbon Black 3 hours 
Gloss Green 44 hours 
Prussian Blue 5 hours 


Furthermore, it is claimed that 
materials which previously have proved 
almost impossible to disperse satis- 
factorily in orthodox ball mills can be 
processed rapidly and efficiently in the 
new mill. 

In addition, the design of the mill is 
such that the pots are removable and 
interchangeable and so positioned that 
a complete change-over of materials 
can be carried out in two or three 
minutes. Standing time is reduced to a 
minimum by the fact that is is un- 
necessary to clean the mill between 
runs, the only delay in production 
being the substitution of freshly 
charged spare pots. 

This new mill, which is known as the 
Steele-Shaw High-Speed Laboratory 
Mill (Mark I) is manufactured by 
Steele and Cowlishaw Ltd., Hanley, 
Staffordshire. The overall dimensions 
are 2 in. dia. x 4 ft. 6 in. high, and the 
mill contains 4 hard-porcelain pots of 
5-pints total volume giving a grinding 
capacity of 24 pints of material per pot 
or a total milling capacity of 10 pints. 

Also. in production is a High- 
Output ‘Smalls Department’ Mill 
(Mark II) which. employs the same 
principles of operation and takes 4 five- 
gallon pots. 

Vapour-phase Inhibitor 
HE use of certain volatile chemicals 
for the prevention of corrosion of 
components in store and transit is now 
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a well-established practice and the use 
of sodium benzoate for this purpose is 
widespread. In order to derive the 
fullest benefit from the use of this 
compound it is necessary that it shall 
be in fairly intimate contact with the 
surface to be protected, and hence the 
usual practice is to use impregnated 
wrapping paper. Greater protective 
power and more widespread potential- 
ities are claimed for vapour-phase 
corrosion inhibitors, which are solids 
of high vapour pressure, which when 
included in a package fill the whole 
space with vapour, thus penetrating to 
areas inaccessible to normal contact 
inhibitors. 

One vapour-phase corrosion in- 
hibitor now available commercially, 
which has attracted some attention 
recently, is dicyclohexylamine nitrite, 
and as a development from. this 
Howards of Ilford Ltd., have recently 
announced the results of investigations 
into the use of cyclohexylamine 
carbonate (CHC). This is a white 
solid which is rather more volatile 
than the nitrite, and it is claimed that 
during tests the vapour gave a high 
degree of protection to mild steel, 
cast iron, aluminium, chromium- 
plated steel, zinc and solder, even when 
exposed in a water-saturated atmos- 
phere for two weeks at 40° C. 
Furthermore, it is claimed that the 
vapour can effectively arrest the 
progress of further corrosion where 
rusting has already taken place. 

Experience of CHC is at present 
limited to laboratory-scale trials and 
firm recommendations cannot at this 
stage be made with certainty. Never- 
theless the tests which have been 
carried out indicate that CHC may 
prove on further large scale trials to be 
a considerable step forward in the 


Fig. 3.—Light-weight paint-s, 
plant 





field of corrosion prevention. 
Extended trials are being ca 
by the Ministry of bye 
Printing, Packaging and hap 
Research Association. In a 
these tests, there would 
advantage in accumulating 
ence under actual service condi 
and engineering firms and oth 
wish to carry out their own inv 
tions into the merits of CH€: 
corrosion inhibitor may ob 
quantities of the compound 
purpose from the sole manuf 
Howards of Ilford Ltd., 


Essex. 
Paint-spraying Plant 

NEW product from §& 

Patents Ltd., High Wye 
Bucks., is the “* Handispray ” ¢ 
ment shown in Fig. 3. As its) 
implies the outfit is light in 
(45 lb.), and consists of a 
cylinder compressor driven by a} 
a.c. electric motor, feeding a B, 
Model IM internal-atomizing pre 
feed spray gun complete with q 
container. A pressure relief valy 
incorporated in the handle of the 
gun, and this device ensures th 
maximum pressure of 40 Ib. per 
is never exceeded. A small mois 
separator or expansion 1 
fitted to the delivery side of 
compressor. Standard equipment 
cludes 15 ft. of #-in. i/d air hose: 
ferruled-on hose connexions, and] 
of 3-core C.T.S. cable. Three dif 
nozzles are available for the g 
required. 
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Diffuse Reflexion Glass 

T has long been realized that 

dinary clear glass for instrument; 
covers leaves a lot to be desi 
Service due to the 
reflexion from the glass. 

In power stations, electrop 
shops and elsewhere, it is a com 


practice for many instruments to 


mounted on a_ control panel 
because of the glare from the li 
points, or wrong positioning 


instrument panel in relation to 


dows, the clear glasses have a mi 


effect, often making it impossible 


read the dials at certain angles. 
After a long series of experim 


Pilkington Brothers Ltd. have Z 


duced a glass with both sw 
lightly obscured which succes 
mitigates the nuisance of 
without actually reducing the 2 

of light reflected. It is availé 
substances 2.6 to 3.2 mm. and 
wards, and at present in sizes 
18 by 12 in. and can be obti 
toughened if required. Bent g 
approved curves is available as 
flat glass. 
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